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HopHne, Sir John Ommaney. 
G.C.B., Admiral 

HopkinsoD, Evelyn B. 

Houlder, A. F. 

Hoolder, M. G. 

Howard, W. Van Sittart, Com- 
mander, B.N. 

Howell, J. Bennett 

Hoyle, J. BoBsiter 

Hozier, H. M., C.B., Colonel 

Hame, Washington 

Home, W. C. 

Hummel, James, Captain 

Hnmmel, William 

Honsiker, Millard, Colonel 

Hmitly, Daniel 

HnrncUill, W. F. 



Bilen, Nils, Admiral, Boyal Nor- 
wegian Navy 

Iiizar, Julian, Lieut. -Commander, 
Naval Attach^, Argentine Lega- 
tion 

Ismay, James H. 

Ismay, T, Bruce 

Ivanoff, N., Colonel, Imperial 
Bnasian Navy 



Jack, Thomas 
Jackson, J. E., Captain 
Jacobi, Carl Adolpb 



Jaoobi, Ernst 

James, J. M., Captain 

Japp, John 

Jaques, W. H., Captain, late United 

States Navy 
Jarman, Stephen, B.N.B. 
Jenkins, A. 
Jesseman, Willie 
Johnstone, George F. 
Jollien, M. 



Eannegiesser, J. 
Keller, Francis 
Eelly, Alexander 
Eettelwell, A. 8. 
Sing, Percy Listen 
Eirkaldy, John 
Eirkaldy, Thomas 
Elein, Captain Davide A. 
Enandt, Otto 
Knight, G. A. 
Enndson, Qonnar 
Eriloff, A., Captain, Professor, Im- 
perial BuBsian Naval Academy 
EtOller, A. G. 



Laird, Ronald 

Lambert, Carlton J., Professor 

Lamb, B. 0. 

Lambton, Hedworth, Captain the 
Hon.,B.N., C.B. 

Lardner, D. S., Captain 

Latorre, Juan 3ob6, Bear-Admiral 
Chilian Navy 

Laws, George U. 

Lawson, William Boberl 

Le Doux, Bicbard 

Lee, William, Esq, 

Lewes, Vivian B., Professor, F.LC, 
P.C.8. (Assoc. Mem. CouncQ) 

Leyland, G. J. 

Likhatchof, J., Vice-Admiral. Im- 
perial EuBSian Navy 

Liodbeck, Johannes 

Linley, A. 

Linley, Joseph A. 

Lister, W. N., Lieut., B.N.B. 

Little, Henry W. 
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ASSOCIATES. 



Lloyd, E. W., Com. B.N. 
Lloyd, B. Samuel 
Long, A. E. 
Lund, William 
Lann, G. 
Lmin, John T. 
Lyle, K. P. 



Macartmey, W. C, 

IfaoBrayiie, Laarence 

UaoDomifiU, Alexander 

MacDongall, Dngsld 

MacDwraitfa, A. 

If agill, Henry 

Mart. James 

Martin, E. P. 

Martin, W. Tyson 

Martino, The Chevalier Eduardo de 

Mather, C. B. 

MoAIlnm, H, K. 

McCalmont, H. L. B., M.P. 

McGeoch, L. A. H. 

McGregor, Allan Gow 

Mclotyre, John 

McLaren, Sir Charles, Bart., M.P., 
K.O. 

UcLellan, John 

Meohan, H. 

Metcalfe, John 

Meyer, Franz J. 

Milbnm, J. D. 

Miller, Gordon 

MiUer, James W. 

Milne, George 

MitobeU, C. W. 

Montgomery-Moore, A. W. 

Mooie, Sir Arthur W., Bear- 
Admiral, K.C.B., C.M.G. 

Moore, W. J. P. 

Morant, Sir George Digby, E.C.B., 
Admiral 

Mosley, Paget, Colonel 

Mulherion, G. F. ■ 

Mullan, F. C. 



Jlapier, James, MA., F.K.S.E. 
Neal, William George 
Neilson, Joha 



Newman, A. B. 
Niven, 0. B., Com. 
Niven, W. D., C.B., F.E.S. 
Noble, Sir Andrew, Bart., K.C.B., 

F.B.8. (Vice- President) 
Noel, Sir Gerard H., Vice- 

Admiral, K.C.M.G., K.C.B. 

(Assoc. Mem. Conncil) 
Nortbbrook, The Bight Hon. the 

Earl of, G.C.S.I. {Vice-President) 



O'Connor, C. 
Ormston, C. W. 
Oebonrne, James 



Panton, Charles E. 

Park, J. Smith, Major V.D. 

Parker, J. Henry 

Parsons, P. B. 

Pascoe, J. B. 
i Pearoe, Sir WilhamG., Bart., M.A., 
] LL.B. 

: Peat, James Barclay 
I Pendred, Loughnan St. Lawrence 
I Percival, J. W. 
I Perkins, James 
i Perkins, T. 

Petersen, Otto L. 

Petersen, William 

Petri, Charles 

Petrie, David 

Pharo, Jacob C. 

Pile, Charles H. 

Pinkney, Thomas 

Pitt, F. J., Captain, E.N. 

Plater, H. B. F. 

Pratt, G. H. F. 

Prendiville, John Edward 

Preston, F. G. Pacizzi 

Preston, H. W. 

Putnam, Thos. 



Ravier, Sylvain Louis 
Bawson, Bobert 
Bead, WUIiam 
Beid, WiUiam 



Beincke, B. Leopold H. 

Benton, A. H. 

Benwick, George 

Reynolds, Edward Parker 

Bichardson, J. H. 

Richardson, Sir Thomas, M.P. 

BUey, James (Assoc. Mem. Council) 

Kitson, Arthur 

Bobson, George 

Roby, Albert Wallace 

Bognetta, F. B., Colonel 

Rosenthal, J. H. 

Roaeti, G. S., Captain, Argentine 

Navy 
Ross, A. J. C. 

BoBse, The Bight Hon. the Earl of 
Bothe, H. P., Commodore, Danish 

Boyal Navy 
Bowley, Charles J., Admiral 
Bugg, C. H. 
Ruhm, T. F. 
Bunoiman, 'W. 

Runciman, Walter, Jun., M.P. 
BuBsell, A. G. 



Saobs, E. 0. 

SamnelsoD, The B^ht Hon. Sir 

Bemhard, Bart., F.B.8. 
Sanders, Lndwig 
Sankey, M. H. P. Rial, Captain, 

R.E. (retired) 
Scantlebury, Vincent John 
Schlatow, Albert 
Scholefidd, A. 
Schwanhauaeer, W. 
Schwarz. Chevalier de, Commander 
Soott, Colin W. 
Scott, Ernest 
Soott, George J. 
Scott, James Henry 
Soribanti, A., Captain 
Seaman, Charles J. 
Segiave, Thomas George 
Semler, Johannes 
Serena, Arthur 
Seton, Bmee Q., Captain 
Seymour, Sir Edward Hobart, 

G.C.B., O.M., Vice-Admiral 
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ASSOCIATES. 



Simpeon, J. B. 

Singer, F. M. 

Sloan, W. 

Smithj Benjamin Leigh 

Soiith, Clarence Dalrymple 

Smith, F. Henry 

Smith, B. Knightly 

Smith, S. Farrar 

Smith, Thomas Knightly. 

Smith-Carington, H. E. 

Spenoe, G. 0. 

Spencer. Bight Hon. Earl, KG. 

(Vioe-Preaident) 
Spencer, John W. 
Spooner, G. P. 
Stames, J. S. 
StephenB, Daniel 
Stephens, B. £. 
Stephens, Thomas Walla 
Stewart, J. G. 
Stewart, T. Onthbert 
Stewart, Walter J. L. 
Stileman, F. 
Stoker, B. B. 
Sutherland, Sir Thomas, G.C.M.G., 

M.P. 
Swinburne, M. W. 
SwintOQ, A. A. C. 



Taite, John Charles 
Tamplin, F. A. 
Tamphn, T. Ward 
Tate, B. 



Tawse, James 
Taylor, B. S., Captain 
Taylor, George W. 
Taylor, W. Isaac 
Tegelberg, G. L. 
Temperley, Joseph 
Temperley, J. B. 
Terry, Stephen H. 
Thomeon, Andrew 
Thompson, 0. S. 
Thompson, Stephen 
Thornycroft, J. E. 
Thurston, Robert H,, Professor 
Tiedeman, Carl 
Todd, J. Stanley 
Tomikawa, N. 
Torrey, C. F. 



Uribe, Luis, Bear- Admiral, Chilian 

Navy 
UUey, T. 



Van Baalte, J. 
Vavasseur, Josiah 
Viokers, A. 



Wade, W. S. 

Wait. A. M. 

Walker, W., Colonel, V.D., J.P. 

Wallis, B. 

Watkinson, W. H., Professor 

Watson, H. Burnett 



Watson, Henry James 

Watson, Sir William 

Watson-Armstrong, W. A. 

Watt, John 

Watts, Fenwick Shadfortb 

Webster, M. P. 

Welin, Axel 

Westmaoott, Percy G. B. 

Wharton, Sir William J. L., K.C.B., 
F.B.8., Rear-Admiral 

White, J. BeU 

White, Robert 

Whitehead, Henry 

Wiegand, H. 

Willard, C. D. 

Williams, B. W. 

Williamson, B. H. 

Wilmot, S. Eardloy, Bear- 
Admiral 

Witeon, Sir Alexander, Bart- 
Wilson, A. G. 

Wilson, A. K., Vice-Admiral, V.C.. 
C.B. 

Wilson, W. G. 

Wingfield, G. T., Com. B.N. 

Wise, William Lloyd 

WoodaU, J. W. 

Worsdell, WilsoE 

Wylie, B. 

Wyhe, William 



Yamamoto, N. 
Younger, Bobert L. 
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OBJECTS OF THE INSTITUTION. 



Tbk objects of the Institutioii of Natai. Abghiteotb — which was established to promote the ImproTemant of 
Ships, and of all that specially appertains to them — are comprised under three heads : — 

First, the bring^g together of thoae results of experience which so man; shipbuilders, marine engineers, 
naval officers, yachtsmen, and others aoqnire, independently of each other, in T&rions parts of the country, and 
which, though almost valueless when unconnected, doubtless tend much to improve our Navies when brought 
tc^ether in the printed Transactions of an Institution. 

Secondly, the carrying out, by the ooUeotive agency of the Institution, of such experimental and other 
inquiiies as may be deemed essential to the promotion of the science and art of shipbuilding, but are of too 
great magnitude for private persons to undertake individually. 

Thirdly, the examination of new inventions, and the investigation of those professional questionB whieh 
often arise, and were left undecided before the establishment of this Institution, because no public body to 
which professional reference could be made then existed. 



BTE-LAWB AND KEGULATI0N8. 



CONSTITUTION. 

1. Thx iMsmuiioH OP Naval AxoBrrECTs shall consist of four classeB, vIe., Members, Associate 
Members, Associates, and Honorary Members. 

3. Membtn. — The Class of Members shall comprise every person who on the 22nd March, 1899, was on 
th« Register of Members, and every Naval Architect or Marine Engineer thereafter elected or trannferred 
into the class of Members. 

The CUbs of Associate Members shall comprise every Naval Architect and Marine Engineer who, under 
the provisions of Rules 43 and 44, may be elected into this class. 

8. AuodaU*. — The Class of Associates shall consist of persons who are qualified either by profession or 
occnpfttion, or by scientific or other attainments, to discuss with Naval Architects the qualities of a ship, or 
the oonstruotion, manufacture, or arrangement of some part or parts of a ship or her equipment. 

4. Honorary if«nJ>eri. — The OUss of Honorary Members shall oonsist of persons upon whom the Council 
may see fit to confer an honorary distinction. 

ELECTION AND DUTIES OF OFFICERS. 

6. The OfGcers of the Institution sbaU consist of a President, Past Presidents, Vioe-Presidenti, 
Members of Council, Assooiate Members of Council (not exceeding in number one-third the number of 
Hembera of Oouneil) a Treasurer, two Auditors of Accounts, and a Secretary or Secretaries. 
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xs _ BYE-LAWS AND BEGULATIONS. 

6. A General Meeting of the Members, Aasooiate Membere, and AeeociateB of the Institation shall be 
held ammally before Easter in each year ; and at this Annual General Meeting the Members of Council, 
Associate Members of Council, Treaearer, and Anditors for the eneoing year shall be elected. 

7. At the Annual General Meeting Members and Associate Members only shall vote in the Election of 
Uembers of Council, and both AssooiateB, Members, and Associate Members in the election of Associate 
Members of Gonnoil, the Treasurer, and the Auditors. 

6. PrmdmU-^Boih Members and Associates of the Institution shall be ehgible for election as President. 
The President shall preside over all meetings of the Institation, and of Officers of the Institution, at which he 
is present, and shall regulate and keep order in the proceedings. 

9. Vice-PresidenU. — Both Members and Associates of the Institution shall be eligible for election ss 
Vice-Presidents. In the absence of the President, one of the Past Presidents or one of the Vioe-Presideats 
shall preside at the General Meetings of the Institution, and shall regulate and keep order in the proceedings. 

10. In case of the absence of the President, Fast Presidents, and of all the Vice-Presidents, ihe 
Meeting may elect any Member of Council or Associate Member of Gounoil, and in case of their absence 
any Member present to preside. 

11. The Chairman at any Meeting of the Council of the Institution, vhen the votes of the Meeting, 
including his own, are equally divided, shall be entitled to give a casting vote. 

12. Persons holding the office of Vice-President shall at all times be entitled to sit and vote with the 
Council 

18. Patt Pretidents and Vic«-Prmdent». — All Members who have held the posts of President or Vice- 
President shall, while their connection with the Institution as Members lasts, be entitled to sit and vote with 
the Members of Council 

14, Mmtben of Council. — Members only shall be ehgible for election as Members of Council at thft 
Annual General Meeting. 

16. AuoeiaU Membert of Council. — Associates only shall be eligible for election as Associate Members of 
Council at the Annual General Meeting. 

16. The Direction and Management of the Institution shall be vested in the Council for the time being, 
the Araociate Members voting vrith the Members of Council in all cases, except in the decision of questions 
directly affecting the forms of ships and the constrnction of their hulls. 

17. The Council shall meet as often as the business of the Institution requires, and at every Meeting five 
Members of the Council shall form a gworum. 

18. The Council may appoint Conunittees to report to them upon special subjects. 

19. All questions shall be decided in the Council by vote ; bat at the desire, expressed in writing, of any 
four Members or Associate Members present, the determination of any subject shall be postponed to the 
succeeding meeting of the Council. 

20. An annual statement of the funds of the Institution, and of the receipts and payments of the past year 
shall be made under the direction of the Council, and, after having been verified and signed by the Auditors 
shall be laid before the Annual General Meeting. 
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BYE-LAWS AND BEGULATIONS. xxk 

21. The Goaacil ehall draw np an Annnal Report on the state of the Inetitution, which shall be read at 
the Annoal Qeoeral Meetiug. 

22. It shall he the duty of the Council to adopt every possible means of advanoing the Institution, to 
provide for properly conducting its bnsiness in all cases of emergency, such as the death or resignation of 
Officers, and to arrange for the publication of the Papers read at the Meetings, or of such documents as may 
be calenlated to advance the oligeotB of the Institution. 

23. TrMturer. — Only Bankers, or Members of Gooncil, or persons who have been Mambere of Council and 
are still Members of the Institution, shall be eligible for election as Treasurer. 

24. TriuUet. — There shall be four Trustees, two of whom shall be the President Euid Treasurer of the 
Institution for the time being. The remaining two shall be appointed by, and hold office at the pleasure of the 
GonnciL In the names of these trustees, under the direction of the Council of the Institution, all securities 
shall be taken and investments made, the whole of such property being, notwithstanding, subject to the 
disposition of the Oonnoil, and the order of the Gouncil in writing, signed by the Chairman of the Meeting aad 
countersigned by the Secretary, shall be obligatory upon and full authority for the Trustees. 

25. AvditcTt. — All Members, Associate Members, and Associates of the Institution shall be eligible for 
election as Auditors. 

26. The Auditors shall have access at all reasonable times to the Aoeoimts of the pecuniary transactions 
of the Institution; and they shall examine and sign the annual statement of the Accounts before it is 
submitted by the Council to the Annual Q-eneral Meeting. 

27. Seertlary. — The Secretary or Secretaries shall be elected by the Council, and shall be removable at 
the will of the Council, after due notice given. The salary of the Secretary or Secretaries shall be fixed by 
the Council. 

28. It shall be the duty of the Secretary, under the direction of the Oonnoil, to conduct the correspondence 
of the Institution ; to attend all Meetings of the Institution and of the Council ; to take Minutes of the 
proceedings of such Meetings ; to read the Minutes of the preceding Meeting ; to announce donations made 
to the Institution ; to superintend the pubhoation of such Papers as the Council may direct ; to have charge 
of the library, museum, and offices of the Institution ; and to direct the collection of subscriptions and the 
preparation of accounts. He shall also engage, and be responsible for, all persons employed under him, and 
generally conduct the ordinary business of the Institution. 

29. In each year sis Ordinary and two Associate Members of Council shall retire, unless before the date 
of drawing up the Balloting Lista for the election of the Council any Members of the Council shall have died 
or resigned, in which case only so many members shall retire as shall be necessary in order to make up the 
number to six Ordinary and two Associate Members of Council, subject always to the provisions of Rule S6. 
The Members who shall retire in each year shall be those who have served longest on the Council from the 
date of the last election, and in the event of there being several Members who have served an equal time on 
the Council, the order of retirement amongst these shall be alphabetical. The retiring Members shall be 
eligible for re-election. 

SO. In January of each year the Council shall meet and prepare Lista for the election of the Council for 
the ensuing year. These Lists shall be as follow, namely : — 
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ixii BYE-LAWS AND EEGDLATIONS. 

1ft A List of the names of the President, Yice-Preaidente, and Tteasorer for the enaaing year to be 

anbmitted at the Annual General Meeting, for their election in a body. 
2nd. A list of candidates to fill any vacanoies in the list of Vice-Presidents that it may be intended to 

fill np £rom among the professional Members of the Institntion. 
Qrd. Lists for the election of the Ordinary Members and Associate Members of Council. 

81. No addition shall be made to the list of Tioe-Presidents until, by death or resignation, theii number 
shall have been reduced to below tventy-four, after whioh their numbers shall be raised to and preseired at 
twenty-four. The Tac&noies are to be filled up in snoh a manner that not lees than one-half nor more than 
two-thirds of the total Est of Vice -Presidents shall be professional Members of the Institntion. Provided 
always that the Council shall be at liberty, shonld special oircnmstances arise before the numbers shall have 
been rednced below twenty-four, to provide for the election of one Member and one Associate of the Institntion 
as Vice-Presidents. 

82. When any vaoancy occurs in the list of Vioe-Presidents whioh it is intended to fill by the election of 
a professional Member of the Institution, the election shall be by voting papers issued to all Members and 
Associate Members of the Institution. The candidates to fill the vacancy shall be selected by the Council 
in the month of January from among the existing or past Members of Council. The number of candidates 
shall not be less than two for each vacancy, bnt shall not otherwise be limited. The voting papers shall be 
issued to the Members and Associate Members at the same time as the voting papers for the election of 
Members of ConncU, and shall be subject to the same regulations and scmtiny as these latter, as provided 
for by Rules 87, 88, 89, 40. 

88. After having been once elected by voting papers, the Vice-Presidents will be subject to re-election 
every year in a body at the Annual Meetings. 

84. When any vacancy occurs in the list of Vice-Presidents which it is intended to fill by the election of 
an Associate of the Institntion, the nominaUon to fill the vacancy shall be made by the Council, and the 
candidate nominated shall be included in the list of Vice-Presidents submitted at the Annual Meetings for 
election in a body. 

35. No addition shall be made to the total number of Ordinary Members of the Council until, by death of 
resignation, their numbers shall have been reduced below twenty-fonr, after whioh their numbers shall be raised 
to and preserved at twenty-four. And no addition shall be made to the Associate Members of Council until, 
by death of resignation, their numbers shall have been rednced below eight, after which thdr numbers shall be 
f»ised to and preserved at eight, always exclusive of the President, Vice-Presidents, and Treasurer. 

86. At the date of issuing the Syllabus of the Annual General Meetings in each year, the Lists proposed 
by the Conncil for the election of Members to fill the vacancies in the Ordinary Council for the ensning year 
shall be printed, and sent to all Members and Associate Members to serve as Balloting Lists. These Lists 
shall contain, first, the names of the retiring Ordinary Members of Council at the time' of the preparation ot 
the Balloting List, together with as many new names of Members of the Institution as shall be needed to 
bring the anmber up to twice the number of vacancies, and the whole of these names shall be printed in 
alphabetical order. Secondly, the names of the retiring Associate Members of Council at the time of the 
preparation of the Balloting List, together with as many new names of Associates of the Institution as shall 
be needed to bring the number up to twice the number of vacancies, and these namee also shall be printed in 
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alphabetioal order. From these Lists the vaouioieB in the Gonncil shall be filled np. Every Member and 
Aesooiate Member shall be at liberty to vote for aa many names on each of the Lists as there are vacancies to 
be filled, but not for more. 

87. A similar Bsllotii^ List (in which, however, the names of the Ordinary Members of Council proposed 
for election shall not be inolnded) shall be printed and sent to all Aaaooiates of the Inatitation, to lerve as a 
Balloting List for AseocEates, from which the voting for Aesociate Members of Coimcil shall be taken. Every 
Associate shall be at liberty to vote for aa many names on that List ae there are vacancies to be filled, bnt 
not for more. 

88. The Balloting Lists may be sent by post or otherwise to the Secretary, so as to reach him before the 
day and hour named for the *"""»! General Meeting, or they may be personally presented by the Members, 
Associate Members, and AsHociatea at the opening of the Annual General Meeting. 

89. At the opening of the Annual General Meeting the order of business shall be : — 

(1) To read and consider the Beports of the Council and Treasurer. 

(2) To read the List of Officers and Nomination for Council for the ensning year, proposed by the 

Council. 

(8) The Chairman shall next put to the Meeting the List containing the names of the President, Vice- 
Presidents, and Treasurer for election for the ensning year. 

(4) The Chairman shall then nominate two Scrutmeera (of whom one only shall be a Member of the 
existing or proposed Council), and shall hand to them the Ballot Boxes containing the Voting 
Papers for the Ordinary Uembers of Council and Associate Members of Council ; and 

(6) The Somtineera shall receive all Ballot Papers which may have reached the Secretary, and all 
others which may be presented by Members, Asaooiate Members, or Associates at the Meeting. 
The Scrutineers ehall then retire and verify the Lists, and count the votes ; and ehaU, not later 
than the following day, report to the Chairman the namee which have obtained the greatest 
number of votes, subject to the conditions of the Ballot. The Chairman shall then read the List 
presented by the Scrutineers, and shall declare the gentlemen named in the List to be duly 
elected, provided always that the List does not contain more names than there are vacancies to 
be filled. If, in consequence of two or more of the candidates receiving an equal number of 
votes, the List shall contain more names than there are vacancies, the Council shall, at their next 
meeting, decide which of these eandidates shall be elected. 

(8) After the Ballot shall have been taken, and the Soratineere have retired, the Meeting will proceed 
to the other business before it. 

10. The new Council and OfiSoers ehall take office immediately after the close of the Annnal General 
Meeting. 

41. In the event of any vacancy occurring in the ofBces of either President or Treasurer after the 
date of the Annual Election in any year, the Council shall have power to elect a new President or Treasurer 
as the case may be, who shall hold office till the conclnsion of the next Annual General (Spring) Meeting 
of the Institution. 
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ixiv BYE-LAWS AND REGULATIONS. 

DESIGNATION OF MEMBEBS AND ASSOCIATES. 

42. Any Member, Associate Member, Associate, or QoDOraxy Member, having occasion to designate 
himself as belonging to the Institution, shall state the class to whioh he belongs according to the following 
abbreviated forms, viz., M.I.N.A. ; A.M.I.N.A. ; Associate I.N.A. ; Hoa Mem. LN.A. 

ELECTION OF MEMBERS, ASSOCIATE MEMBERS, AND ASSOCIATES. 

48. Admusion of Members. — Every Candidate for admission or for transference into the Class of Member 
shall be more than twenty-five years of age. Every Candidate for admission or for transfer into the Claes of 
Associate Member shall be more than twenty-two years of age. Every Candidate in either of these classes 
■shall comply with the following Regulations : — 

He shall submit to the Council a statement showing that be has — 

(a) Served an apprenticeship, or pupilage, in shipbuilding or marine engineering for at least five 

years, or 

(b) Undergone a mixed training of at least four years, partly in shipbuilding or marine engine works, 

and partly in a School of N'aval Architecture or Marine Engineering recognised by the Council of 

the Institution. 
He shall forther show that, after completing his training, ae set forth under headings (a) or (b), he has 

been professionally employed in some public or private shipbuilding yard, or marine engine works, 

or registration society, or as professional superintendent of a steamship company, and shall give 

fnll particnlars of the nature and duration of such employment. 
In the event of the Candidate not having complied with any of the conditions under headings (a) or 

(b), he shall show — 

(c) That he has been regularly educated by apprenticeship, of pupilage, or in a technical school, as a 

civil or mechanical engineer, and that he has been subsequently profeanonally employed for at 
least seven years in some public or private shipbuilding yard or marine engine works. 
This statement shall be signed by at least three Members of the Institution, whose signatures shall 
certify their personal knowledge of the Candidate, and approval of his statement. 

14. These preliminary conditions being satisfied, the Council shall then decide whether the education, 
the practical experience, and the professional attainments of the Candidate are such as entitle him to be 
recommended by the Council for election to the Institution, and, if so, whether as a Member, or as an 
Associate Member. The proposal of the Candidate for admission to the class decided on by the Council shall 
he submitted to the Members of the Institution (who shall have access to the applicant's statement), at 
an Ordinary Meeting of the Institution, for them to vote upon, the voting to be by ballot, should a ballot be 
demanded. 

45. Admimon of AisociaUs. — Candidates for Assooiateship shall submit to the Council a proposal for their 
admission, setting forth therein a statement of their claims to be admitted as Associates. This proposal 
shall be signed by at least one Member, Associate Member, or Associate of the Institution. Their proposal, 
if approved by the Council, shall be submitted by them at an Ordinary Meeting of the Institution, for the 
Members, Associate Members, and Associates jointly to vote upon, the voting to be by ballot, should a ballot 
• be demanded. 
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46. The proportion of votes for deciding the election of Members, Associate Members, and AsBOciates 
shall be at least foar-fifths of the numbers recorded. 

SUBSCRIPTIONS. 
17. Each Member, Aeaooiate Member, and Aesooiate shall pay an Entrance Fee of two guineas, and an 
Aimnal Subscription of two guineas in advance ; the first Snbsaription being payable on his election, and all 
fntare ones on the let day of January of each year. Any Member or Associate withdrawing from the 
InstitntioD after that date is still liable for the amount of Subscription dne on that day. 

48. Any Member, Associate Member, or Associate may compound for his Annual Subscription, for life, 
by a single payment of not less than thirty guineas. 

49. No person's name shall be entered on the Roll as Member, Associate Member, or Associate of the 
Institution nor possess the privileges of Membership (except it be on the honorary list) until he shall have 
paid his first subscription or the life composition, and if the payment be delayed for more than twelve 
months from the date of his electdon, the same shall be void unless the Council otherwise direct. 

50. The Secretary shall at the close of every year notify to all Members, Associate Members, and 
Associates whose sabsoriptioo for that year shall not have been paid, that it will be his duty to report 
accordingly to the Council, and he shall at the same time fmmish the person whose subscription is in arrear 
with copies of this and the two following Rules. 

61. The Secretory shall before Easter in every year lay before the Council a list of all Members, 
Associate Members, and Associates whose subscriptions for the two previoua years shall be still unpaid, and 
unless the Council shall otherwise direct, the names of those in arrear shall be expunged from the Boll of 
Members, Associate Members, and Associates, and shall not be replaced without re-election in due form. 
Provided always that the Council shall at any time within two years theie&om have power to dispense with 
such re-election, and to restore the name to the Roll upon payment of all subscriptions then due, and upon 
cause being shown to the satisfootion of the Council why such subscriptions were not previously paid. 

62. Nothing herein contained shall prejudice the right of the Institution to the legal recovering of all 
orreorB of subscriptions up to the date of striking the name off the Boll. 

68. In case the Council shall be of opinion that any Member, who has been long distinguished in his 
professional career, from ill-health, advanced age, or other sufficient causes, should not be colled upon to 
oondnne his annual subscription, they may remit it. Also they may remit any arrears which are dne from an 
individual, or may accept a collection of books, or drawings, or models, or other such contribution as, in their 
opinion, under the circumstances of the case, may entitle the person to be enrolled as a Life Subscriber, or to 
enable him to resume his former rank in the Institution which may have been in abeyance from any particular 
eauses. These cases must be considered and reported upon by a Sub-Oommittee named for the purpose. 

64. In case the expulsion of any individual shall be judged expedient by ten or more Members, and tiiey 
think fit to draw up and sign a proposal requiring such expulsion, the same being delivered to the Secretary 
shall be by him laid before the Council. If the Council, after dne inquiry, do not find reason to 
concur in the proposal, no entry thereof shall be made in any Minutes, noi shall any public discussion 
thereon be permitted ; hut if the Council do find good reason for the proposed expulsion they shall direct the 
Secretary to address a letter to the person proposed to be expelled, advising him to withdraw from the 
bistitntion. If that advice be followed, no entry on the Minutes nor any public discussion on the subject 
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shall be permitted ; bnt if that advice be not followed, nor a satisfaotor]' explanation given, the Council shall 
call a Special General Meeting of Members, Associate Members, and Associates, for the pnrpose of deciding 
on the qnestion of expulsion ; and if two-thirds of the peisone present at such Special Qeneral Meeting, 
providing the nomber so present be not lees than thirty, vote that such individual be expelled, the Chairman 
of that Meeting shall declare auob espnlaion accordingly, and the Secretary shall communicate the same to 
he individual. 

MEETINGS. 
56. Meetings for the Beading of Papers shall be held as frequently, and at saoh times, aa the Council may 
determine. 

TEANSACTI0N8. 

56. The TTamactutn* of the Institution, including the Papers read at the Ordinary Meetil^[s, and Bepotts 
of the DisoDssians by which they are followed, shall be edited by the Secretary, and printed under the direction 
of the Council. 

57- A copy of ea«h Volume of Traruaetioiu shall be sent &ee to every Member, Associate Member, and 
Associate. 

68. The Secretary, under the direction of the Council, may dispose of the surplus stock of Tratuaelumt 
which have been published more than three years, at a price of not less than One Ouinea a volnme, provided 
a sufficient number remain on hand to supply the probable demand of New Members and Associates to complete 
their sets by the pmohaBe of the back Volumes. 

CHANGE OP ADDBESS. 

69. Members, Associate Members, and Associates are particularly requested to oommonicate to the 
Secretary any change of address. 
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The Spring Meetings of thi3, the Forty-third Session of the Institution of Naval Architects, were 
held on March 19, 20, and 21, 1902, in the Hall of the Society of Arts, John-street, Adelphi, W.C. 

The opening meeting was presided over by the Right Hon. the Eari of Glasgow, G.C.M.G., LL.D., 
President of the Institution, who commenced the proceedings by calling on the Secretary, Mr. R. W. 
Dana, to read the Report of the Council, which was as follows : — 

ANNUAL REPORT OF THE COUNCIL, 1902. 
The first dttty of the Council is to announce that, in consequence of his accession to the Throne, 
His Majesty the King has been obliged to resign bis honorary membership of the Institution ; His 
Majesty has, however, graciously consented to become its Patron. 

The Council are happy to report the continued prosperity of the Institution ; the finances, as 
shown in the Treasurer's Report, are in a satisfactory condition, and tlie nmnljer* of new members 
elected during the past year is an additional proof, if any were needed, of the vitality of the 
Institution of Naval Architects. 

The year that has elapsed has l)een marked by several interesting events in the history of the 
Institution ; the Summer Meeting that was held in Glasgow last June, during the time of the 
Exhibition there, proved a most successful one, both on account of the cordiality of the i-eception 
extended to the members by the Corporation and the citizens of Glasgow, and also Ijecause of the im]>ort- 
ance of the questions raised and discussed at that meeting. Some of these, it is hoped, will lead 
to permanent benefits both to the countiy and to the profession. 

In addition to the many objects of interest brought together l)y the Exhibition, all the leading 
shipbuilduig yards and engineering works had very kindly arranged for Members to visit tln'ir 
works, either in groups or individually, during the time of the meeting. Members were welcome<I at 

* Namber of new Members, Aaaociate Members, and ABsociates elected . . > . 121 
Number of deaths and resignations fiO 

Net gain in memhenhip Gl 
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a splendid reception, held on the first evening, by the Lord Provost and the Corijoratioii of tlie City 
of Glasgow in their palatial Municipal Buildings, and the week closed with a most enjoyable day, 
spent at the invitation of the President and the Countess of Glasgow, at their charminjr seat, Kelburne, 
overlooking the most beautiful part of the Clyde. 

A direct outcome of this Glasgow Meeting was the fonnation of a committee to inquire into 
the question of mercantile auxiliaries, dealt with in Lord Braasey's |japer. The Council have the 
pleasure of announcing that, at their request, the Pi-esident has laid the matter before the First 
Lord of the Admiralty, who has kindly promised to give full consideration to the I'iews of the 
Institution. 

A second committee has been formed to consider the possibility of establishing an exjjeruiiential 
tank for the use of all shiplmildera throiighout the kingdom, whei'e modeLs of proposed designs 
could !» test«d for resistance. The members of this committee are pre|mring a scheme for putting 
into effect the resolution unanimously passed at Glasgow in favour of establishing such a tank 
at an early date. 

The Institution also took part in an International Enghieering Congress, cousiating of nine 
different sections, which was held in Glasgow in September; Section IV. (Naval Architecture and 
Marine Engineering) was under the auspices of the Institution, and the chair was accordingly taken 
by the President. Several pai^rs of intei-est were read, and those Memljers who attended the Congress 
had the advantage of renewing acquaintance with all the features of interest that had Ijeen brought 
to their notice at the time of the Summer Meeting in June. 

The Martell Scholarship, the regulations for which wei-e set forth in last year'a Rejwrt, has now 
Ijeen throwii open to competition, and the Council are glad to say that a good numfier of ciuidi- 
dates have applied to compete. The scholarship will be awarded on the result of the evening 
examinations of the Board of Education, which will shortly be held. 

The Council have had much pleasure in awarding the Ciold Medal of the Institution to Professor 
W. E. Dalby, M,.\., B.Sc, for his very valuable paper on "The Balancmg of the Reciprocating Parts 
of Engines " ; and a Preniium of Books to Captain G. W. Hovgaard, for his pat»er on " The Motion of 
Submarine Boats in the Vertical Plane." 

An invitation from the Schiffbautechnische Gesellschatt to the memljers of the Institution to 
take part in the Simimer Meeting of the German Naval Architects at Diisseldorf next Jmie has been 
received by the Council and accepted on behalf of the members, to whom a detailed programme of 
the meeting will shortly be sent. 

The Council recall with much regret the deaths, which have occurred since last rejiort, of Sir 
Raylton DLxon and Sir James Laing, lx)th Members of Council and long connected with the Insti- 
tution ; of Admiral of the Fleet Sir John Edmimd Commerell, G.C.B., V.C, a distinguished Associate ; 
of Captain L. von Sztranyavszky, late Naval Attache to the Austro-Hungarian Embassy ; and of 
Messrs. H. Sandison and R. Barnard, whose melancholy deaths in the CtAra disaster last September 
are still fresh in the recollection of memljers. 

Lastly, the Council have much pleasure in stating that the Testimonial to their lat« Secretary, 
Mr. George Holmes, has met with a very cordial response froiia the members of the Institution, and 
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that the silver tazza designed and executed by Mr. Gilbert Marks at the Council's request, will be 
presented to Mr. Holmes, together with an ilhuninated address and a cheque for 1,000 guineas, 
at the annual general meeting. 

Text of the Illuminated Addkess phesented to Mb. Geobge Holmes. 

We, the President, Vice-Presidents and Officers, Members, Associate Members, and Associates of the 
Institution of Xaval Architects, desire to record on this Testimonial our high appreciation of your 
invaluable services as Secretary of the Institution during a period of twenty-three years, and in 
presenting you with the accompanying piece of plate as a token of our esteem and gratitude, we 
desire to express our hearty good wisliea for a happy future for yourself and Mrs. Holmes. 

We recognise that the present prosperity of the Institution is due, in no small degree, to the 
ability you have displayed in the discharge of your duties as Secretary, and we recall with much 
pleasure the various meetings, both at home and abroad, which you oi^anised with such conspicuous 
success, and which have tended so greatly to promote harmony among our membeiB and cordial 
relations with our foreign colleagues. May the success which crowned your labours at this Institution 
follow you to your present sphere of action, and may the friends whom you will make in your new 
■surroundings prove as numerous and true as those you have left behind ! 

Sipied, on behalf of the Institution of Naval Architects, 

GLASGOW, President. 

NATHANIEL BARNABY, Vvx-President. ■ 

HENRY MORGAN, Vice-President. 

R. W. DANA, Secretary. 
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«i. 
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£ s. d. 
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». 


d. 


Paymentb. 


& *. d. 


i; t. d. 
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, Deo. 31, 










By Rent 


220 




1900 





457 'J 








„ Hontekeepet and CleaniiiK 
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72 1 7 
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3 


7 
9 


„ Advertising 
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„ Atmu&l Subscriptiona 
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94 


10 
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250 
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215 


1-2 
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/ 
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23 
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/ 
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8 


2 
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„ Entkance Fees ... 
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„ Interest on Invest 


MEXTS 
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2 


8 
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H. MOBGAN. Honorary 
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£567 


14 


10 
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R. W. DANA 
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1 entries with the books and vouchers, and find them correct. 

BAIX, BAKEB, deed, CORNISH 4 Co., 

Chabtebed Accoumtanis, 

1, Gresham Buildmgi, E.C. 
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The foUowini; is a List of Donations to the Library : — 

" Annnal Keport of the Royal National Lifeboat Institntion," 1902. PremiUd by the Royul Naliunal Lifeboat 
latliUilion. 

" Balancing of Engines." Preienied 6y the Author, Professor W. E. Dai.BY, M.A., B.Sc. 

" BnreaD Veritaa International Begiater of Shipping," 1902. Prfuiitrd by the Council of the Bureau 
i'erilan Iiilemationiil Rtgitter of Skiing, 

" Bulletin de la Soci^t^ Sciantifique et Indngtrielle de Marseille," 1902. Premaltd by the Editor. 
" Bulletin de la Soci^t^ d' Encouragement pour rindnstrie Nationale," 1902. Preienttd by the SoeiiU 
it Eneaurageratnt pour F Industrie Rationale. 

" Calendar of the UniTeruty College of Sonth Wales and Uonmooth," 1901-02. PrraeiUrd by the Rrgitimr 
i^lhe Uuivrrniy CoUege of South Walet and Monmouth. 

" Chandi^es Marines." Prennted hy the .^(liAor, Mons. E. Bkktjs. 

"Congr^B International d'Architectore et de Construction Navale*. Froc^-verbauz Sotnmaiivs." 
Prtietded by the Miitigtiit du Commerce, Pari». 

» Germ&nischar Lloyd ; Internatioiial Begiater for the Year 1902." Pre»enttd by the Commiitfe of the 
Germaniteher Lloyd. 

" International Engineering Congreag, Glasgow," 1901. Sectional. (Railwajs), II. (Watenraja and Maritime 
Works), and VIU. (Gas). 

"JahrbnchderSchiSbautechnisohen Oesellschaft," 1901. Presented by the SehiffbauUchttiiche Geitllgehaft, 
"Journal of the Franklin Institute," 1901. Prexiiled by the Franklin Iiulitule. 
" Journal of the Iron and Steel Institute," 1901. Prenented by the Iron and Sttel Irutitute. 
"Journal of the Boyal United Service Institution," 1901. Prrgeulrd by thr Royal United Servie4 
Jntlilution. 

"Journal of the Society of Arts," 1901. Presented by the Soeiely of Arts. 
"Journal of the United States Artillery," 1901. PreKided by the Editor of the Journal. 
"Journal of the Western Society of Engineers," 1901. Presented by the Wrgtem Soeiely of Engiaeert. 
" Lloyd's Register of British and Foreign Shipping," 1902-03. Presented by the Committee of Lloyd' » Register. 
"Lloyd's Register of Yachts," 1902. Preseuttd by the. Committee of Lloyd t Reginter. 
"Local IndoBtrieH of Glasgow and West of Scotland." Pretented by the Britiih AtsaciatioH. 
"M^oirei et Compte-Bendu des Travaux de la Soci^t^ des Ing^nieura Civila de Fiance," 1901. Pretented 
iy the Soeiili des Inginieurs Civile de Fi-aaee. 

"Memorial dn G^nie-Maritime. Troiaipme sSrie." Preienled by the Miniatire de, la Murine, Pari*. 
"Minutes of the Proceedings of the Institution ot Civil Engineers," Vols. CXLI'P., CXLV,, CXLVI., 
and CXLTn. Presented by the Institution of Ciril Eugiiuert. 

"Philosophical TronMctions of the Boyal Society of London," Vols. CXCn.— CXCYT., "A" SeriM. 
Presented by the Royal Society of Lonilmi. 

" Photographs of Members of the Institntion." Presented by the Photographers, Heears. Madll & Fox, 
Kooadiliy. 

"Proceedings of the Institution of Mechaaical Engineers," 1901. Prmentrd by the Initituiiott nf 
MeehanietU Engineers. 

" Proceedings of theLondonMathematioal Society," I'JOi. Prftenteil by the London ilalbemaiical Society. 
"ProceedJngB of the Boyal Society of London," Vols. LXVIU. and LXIX., 1901-2. 

"Proceedings of the Boyal Society of New South Wales," Vol. XXXIV., 1900. Pretented by the Royal 
Society of Nrw Soutli Wole*. 

"Proceedings of the United States Naval Institute," 1901. Presented hy llie U.S. Naval Inntitute. 
" Beport of Tests of Metals and other Materials made st Watertown Arsenal," for the year ending Jnne 30, 
1900. Presided by the Chief of Ordnance, U.S.A. 

" Bevista Marittima," 1901. Pretented by the .Viuistero della Marina. 
"Royal Society's Year Book," 1902. Presented, by the Royal Society. 

"Strength of Boiler Shells," 187> ; "Shafting of Screw SteimerE," 1887; "Unusual Corroaion" ; 
2pamphlet>. Prrseided by the Autlinr, Hectoh MacCiii.l, Esq. 
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"Technology Quarterly and Proceedbga of the Society of Arts," 1901. Frftrute^ by flit 5fa»»aeliwrlt* 
InHitule of Teehnolngy. 

" The Naval Annual," 1902. By the Bight Hon. Lord Bbassey, K.C.B., and others. Preetiitfl by iht Editor, 
the IIoii. T. A. Brassey. 

"The Scientific Proceedings of the Boyal Society of Dublin," 1901. PreteHled by the Rnyal SocUin of 
Dublin. 

"Transactions of the American Institute of Miniog Engineers,*' Vol. XXX. Preneiited by the American 
Imtilule of Mlmng EiigiiveTn. 

*' Transactions of the American Society of Mechanical Engineers," Tol. XXII., 1901. Preteutfd by the Omwcit 
of the Anteriran Society nf Mechuiiical Eiigiiieera, 

"Transactions of the Institution of Engineers and Shipbuilders in Scotland," Vol. XLIV., 1899-1900. 
Prevtiled by the Listitution of Eiigiiieen aiid Skipbuildera hi Scotland. 

"Transactions of the Institution of Junior Engineers," Vol. X., 1900. Pretectal by the ImtUutiaa of Juiaor 
Engineers. 

" Tnnsactions of the Inntitute of Marine Engineers," 1900-1901. PreKeiited hy the InslHiile nf Marine 
Engineers. 

"Transactions of the Liverpool Engineering Society," 1901. Predated by the Lirerponl Engineering 
Society. 

" Transactions of the North-East Coast Institution of Engineers and Shipbnildera," Vol. XVIL, 1900-1901. 
Prnenled by the North-Eiml Qtait LisliluliOH. 

" Transactions of the North of England Institute of Mining and Mechanical Engineer," 1901. Prenented 
by the Xorlh of England /nnlHute of Mining and Mechanical Engiueeri. 

" Transactions of the Society of Engineers," 1901. Presented by the Society of Engineers. 

"Transactions of the Society of Naval ArchitecU and Marine Engineers," Vol. IX., 1901. Presented by 
the Society of NaraJ Architects and Marine Engineers. 

"Water Tube Boilers." Prenenled by the Avthiir, Lksi.ik J. Eookhtkon, Ebij. 
Newspapers and Magazines, presented by the respective Proprietors : — 



" Annalen fiir Grewerbe und Bauwesen," 1901. 

"Arras and Explosives," 1901. 

" Army and Navy Gazette," 1901. 

" Automotor and Horseless Vehicle Journal," 1901. 

"Cassier's Magazine," 1901. 

"Oommerce," 1901. 

"Engineer," 1901. 

■'Engineering," 1901. 

"Engineering Times." 1901, 

" Engineers' Gazette." 1901. 

" English Mechanic," 1901. 

"Field," for 1901. 

" Fielden's Magazine," 1901. 

"Invention," 1901. 

"Iron and Coal Trades Review, " lUl^t. 



" Journal of the Imperial Institute." 1901 . 

" Le Moniteur de la Flotte," 1901. 

" Machinery Market," 1901. 

"Marine Engineer," I90I. 

'■ Marine Engineering," 1901. 

"Marine Review," 1901. 

"Mariner," 1901. 

"Mechanical Engineer," 1901. 

"Practical Engineer," I90I. 

'■ Railway Engineer." 1901. 

" Saturday Review," 1901. 

"Science Abstracts." 11>01. 

" Shipping World," 1901. 

" Zeitschrif t dea Vereins Deutecher Ingenienre." 1901 
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The tolloniiig geiitleiiieu, having Ijeeu duly i-econimentled Ijy the Council, wei-e uiiaiiiiiioualy elected 
Meniliers of this Institution :— 

An"der80N', J. Hall, Miuiager to Messrs. Hall, Uusaell & Co., Abprtkeit. 

Baillie, Robert, Superintending Engineer to the Stirling Boiler Co., Ltd., Gla^tgow. 

Bell, James, Chief Assistant Shipyard Manager to Messrs. W. Beardraore & Co., Govan Yard, Glasgow. 

BiGOAH, C. J., Naval Architect, ISmmwich, iiear Southampton. 

Blair, A., fliii)erintending Engineer to the Anglo- American Oil Co., BUliter Buildings, London, E.G. 

BooBXOFF, IvAX C, Assistant to the Director of the Ini[>erial Russian Naval Tank, St. Pctertburg. 

Boi'LTON, Tho-MAS, Naval Architect, NetvcaatU-on-Tyne. 

Bbysox, JohK J., Manager to the Bergens Mekaniske A^ierksted, Bergen, Norway, 

DiTCHBUKN, RoitMT, Manager of the Bonil)ay Steniii Navigation Co., Bombay, India. 

Dixon, WaynmaN', Managing Director to Ihlessrs. Sir Raylton Dixon & Co., Middlesboro' . 

Febnie, Jambs. Consulting Engineer and Naval Architect, Liverpool. 

Hansc-om, C. R., President, Eastern Shipbuilding Co., New Ijondon, Conn., U.S.A. 

HluK, W. SEYMorR, Superintending Engineer to Messi-s. Thos. Wilson, Sons, & Co., Hull. 

HUTOHINGS, T. C, Manager to the Hong Kong and Whampoa Co., Hong Kong, China. 

Kerrkjt, James, Manager of the Technical Department of the Antwerj) Engineering Co., Ltd., Antioerp. 

Nicholson, C. Ernest, of Messrs. Camper Nicholson, Ltd., Gosport. 

O'Neill, J.ames J., Chief Draughtsman to the Fairfield Shipbuilding and Engineering Co., Gocan. 

Philip, G. Nowell, (5eneral Manager of the Sandquay Engineering Works, Dartmouth. 

Pbl'XKKi, C, of the Construction Department, Ministry of Marine, Rome. 

Reeii, Joseph, Marine Surveyor, Neiecastle-on-Tyne. 

ScuOFiELD, Charl>s, Superintendent of the Eastern Shipbuilding Co., -Vetc London, Gonn., U.S.A. 

Sharp. Wilijam E., Naval Architect and Consulting Engineer, Bangkok, Siam. 

Sill, John .A., Naval Architect to Messrs. Sir James Laing & Sons, Ltd., Sunderland. 

Ske.'ctelbkhy, Charles, Manager to Messrs. Jatioba & Barringer, Boston, U.S.A. 

Wilkinson, Thomas, Chief Draughtsman to Messrs. C. S. Swan & Hunter, Ltd., Wallsend-on'Tjfne. 

Williamson, A. Sm.4RT, Surveyor to I^loyd's Register of Shipping, Y^hama. 

WiNTERBURN, W. G., General Manager to Messrs. George Fenwiek & (^o., Ltd., Hong Kong. 

The following gentlemen were elected Associate Memlwra; — 

.\LLE.V, H. Pinny, Naval Architect to Messra. S. C. Famham, Boyd & Co., Shanghai, China. 

Anderson, George, Assistant to Mr. A. R. Brown, Consulting and Marine Engineer, &c., Lime-street, E.C. 

Brown, J. Dowie, Joint Manager, The Rosebank Iron Works, Edinburgh. 

Darby, J. T., Naval Architect, Bootle. Licerpod. 

Hartnoll, a. £. N., Overseer to Messrs. Co.x & King, Naval Architects, Pall MaU. 

Key, Henry, EiYgineer in Charge of Workshops and Slipway at Akaasa, Southern Nigeria C^^^ony. 

KmuRA, N., Draughtsman at the Fairfield Shipbuilding and Engineering Co., Ootan. 

KoBsURA, P. S., Assistant Manager, Ne^■3ky Shipbuilding and Mechanical Works, St. Peters/>urg. 

Lbqasda, V. L., Naval Architect at the Union Iron Works, San Francisco, V .S.A. 

Pearcb, F. T., Yacht Draughtsman, Weatmacott, Stewart & Co., hie of Wight. 

Reiach, H. L., General Manager to Messrs. J. G. Fay & Co., Ltd., Smitknmpton. ■ ■ ■\ 

WnsoN, A. Hall, B.Se., Managing Director, Messrs. Hall, Russell & (>i., Aberdeen. 
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The following gentlemen were elected Associates; — 



Bklau, H. 


DrxcAN, James. 


Blake, W. M. 


EwART, A.E.,R.N. 


Brodie, G. W. 


Hansen, H. S. 


Brown, Alfsed. 


Henderson, W. H., Rear-Adm 


Byers, W. L. 


Ibizar, J., Commander. 


Clowes, W. Laird. 


MacBravne, L. 


Croix, P. de Ste. 


Magili., H. 


Daw, H. 


Petrie, Da^d. 


Deane, 11. 


ROBY, A. W. 


Sin(» the issue of Volume X 


LIU., tlie Institution has sustain 


gentlemen :— 





Allfbet, E. 
Barrie, W. 
Barnard, R. 
Clark, Ci. 



ScHWARZ, Chevalier de, Comnder, 
SCRIBA.\TI, A., C'aptain. 
Segrave, T. G. 
SeroN, Bruce U., Captain, 
Stewart, T. C[7ihbert. 
Ta^xor, R. a., CapLiin. 
Tegelberg, G. L 
To.yiKAWA, N 

WeLIN, A-fEL. 

led the loss by death of the following 



Vice-President. 
Ben'jauin Mabtell. 
Member of Council. 
SiH James Laing. 

Memljers. 
CooKE, R. 
GCHLLAUME, G. C. A. 

HoLST, F. E. 
Lainc, Arthur. 



SANnisoN, M. 
Spexce, J. A. 
Stalvkb, G. H., C.B. 



Cooper, J. H., Colonel 
Smith, Eustace. 



Stewart, Andrew. ! Watson, W. 

SzTRANYAvazKY, L. VoN, Capt. I Wills, W, 



The Secretary next read the following list of names nominated by the Council to fill up the vacancies 
(tfr the ordinary and Associate Members of Council for the ensuing year: — 



Retiriiig Members of Council. 
Barnaby, Sydnky W. 



Uead-MAN, H. E. 



dunlop, j. g. 
Seaton, a. E. 
Spenck, H. G. 



I iVeic Candidates noTtnnated for Mevibers of Council. 

I Soper, Thos. , Thompson, Robert. 

Swan, H. F. ' West, H. H. 

Thearle, S. J. P. WiTin-, H. 



Retiring Associate Members of Councilt 
Lewes, Professor V. B., F.R.S., F.I.C. I Rilei", James, 

New Candidates nominated for Associate Members of Council. 
FrrzGEBALD, C. C. P., Vice-Admiral. I Digby Morakt, Admiral Sir G., K.CB. 
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The PsESiDEOT (the Right Hon. the Earl of Glasgow, G.C.M.G., LL.D.) next put to the ineetiug 
the tollOTving list containiug the names of the President, Vice-Presidents, and Tretisurer for the enaiiiiig 
year, which were imaniniouaty adopted : — 

Preindent. 

The Right Hon. the Earl of Glasgow, G.C'.M.G. 

Past Presidents. 

The Right Hon. itie Earl of Ravensworth. 

The Right Hon. Lord Bbassey, K.G.B., D.C.L. 

The Right Hon. the Earl of Hopbtoun, P.O., K.T., G.C.V.O., Q.C.M.G. 

Viee-Presideiits. 

H.R.H. Geobge, Prince of Wales, K.G., K.T., ' Sir John Gloveb. 

K.P., G.C.V.O., G.C.M.G., Rear- Admiral, ' Sir Andrew Noble, K.O.B., F.R.S. 

The Right Hon the Earl of Northbbook, ' Sir Edward J. Reed, K.C.B., M.P., F.R.S. 

G.O.S.I. I Sir W. H. White, K.C.B., LL.D., Sc.D., F.R.S,. 

The Right Hon. the Earl of Ravenswobth. i F. K. Barnes, Esq. 

The ItiGUT Hon. Earl Spfaceh, K.G. i Jaues Dunn, FiSQ. 

The Right Hon. Lord George Hamilton, M.P. i F. Elgar, Esq., LI..L>.. F.R.S. 

The Right Hon. Lord John Hay, G.C.B., Ad- I John Inglis, Esq.. LL.D. 

miral of the Fleet. ' Benjamin Martell, Esq. 

The Bight Hon. Sir John Dalrymple-Hay, ] Henry Morgan, y^q. 

Bart-, K.C.B., D.C.L., F.R.S., Admiral. i George W. Rendel, Esq. 

Sir N'.athaniei, Babnaby, K.C.B. ' J. I. Thohnycroet, Esq., F.R.S. 

Sib Frederick Braii«-ell, Bart., Yi.CL., F.R.S. ' Philip Watts, Esq,, F.R.S. 

Sir John Duhston, K.C.B,, B.N. \ A. F. Yarrow, Esq. 

The President (the Right Hon. the Ear! of Glasgow, G.CM.G., LL.D.): Gentlemen, the 
Council, in the execution of their duties, have found that certain alterations should be adopted in Rules 
5, 9 and 10, relatmg to Past Presidents, and I will ask Mr. Morgan, the Treasurer, to move the 
adoption of the alterations which are recbramended by the Council. 

Mr, Henry Morgan (Vice-President and Treasurer) : My Lord and Gentlemen, a tev.- words in 
explanation of the necessity of the alterations will perhaps be desirable. For many years, in fact until 
the last ten years or so, we had no Past Presidents. We had a President of the Institution, a Vice- 
President, and other officers ; the rules which were drawn up at the commencement consequently 
make no provision for the duties or the privileges of Past Presidents. We have now in reality three 
Past Presidents still living, namely, Lord Ruvenaworth, Lord Brassey, and Lord Hopetoun. It has 
always been the desire of the Council that these Past Pi-esidents should exercise the same privileges 
a.s the Vice-Presidents, and in practice that has been the ease, although the rules make no definite 
provioion for that. It is therefore proposed to-day to make certain small alterations in the rules, as 
stated in the papera which are, I think, in the hands of many of the memtierH. This will enable Past 
Pi-esidents to sit with the Council, to pi-eside over meetings in the absence of the President, and to- 
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■vote in the aaiiie way as Vice-Presidents do. These alterations have been carefully prepared by the 
•■Couneil in oi'dei- to cari-y out that object. They are as follows :— 

Rule 5. — After the words " of a President," insert the words " Past Pi-esidenta." 

Rule 9. — After the words " one of the," insert the words '' Past Presidents or one of the." 

Rule 10. — After the words "of the President," insert the words "Past Presidents." 

Rule 13. — For tJie tcords "Pi-esident and Vice-Pi-esident," substitnte the words "President 
or Vice-President." 

The Rules will then read; — 

5. The Officers of the Institution shall consist of a President, Past Presidents, Vice- 
Presidents, Members of Council, Associate Members of Council {not exceeding in number one- 
third tlie number of Menilwrs of Council), a Treasurer, two Auditors of Accounts, and a 

Secretary or Secretaries. 

9. Vice-Presidents. — Both Members and Associates of the Institution shall be eligible for 
election as Vice-Presidents. In the absence of the President, one of the Past Presidents or one 
of the Vice-Presidents shall preside at the General Meetings of the Institution, and shall regulate 
and keep order in the proceedings. 

10. In case of the aljsence of the President, Past Presidents, and of ail the Vice-Presidenta, 
the Meeting may elect any Meniljer of Coimcil or Associate ilemljer ot Council, and in case 
of their absence any member present to preside. 

13. I'list Presidents and Vice-Presidents. — All Memliers who ha^"e held the posts of Presi- 
dent or Vice-President sliall, while their connection with the Institution as ilembera lasts, 
be entitled to sit and vote with the Members of Council. 

Sir Nathaniel Bahnaby : I Ijeg to second that. 

The resolution was put to the meeting and carried unanimo\isiy. 

The President (the Right Hon. the Karl of Glasgow, G.C.M.G., LL.D.) then proceeded to deliver 
the following Opening Address: — 

In the ReiJort you have just heard read, allusion has l^een made to several questions of interest 
that have, during the past year, come undei- the consideration of the Council, either as the result 
•of some of the noteworthy subjects discussed at the Meetings, or in response to invitations from 
kindred Institutions to join in the investigation of questions affecting other interests besides those ol 
our own members. And should our labours result, as we hope they will, in the strengthening of 
certain branches of our auxiliaiy naval foi-ces, or in providing means by which shipbuilders may 
improve upon their designs or simplify their work, we shall feel at least that, during the year that 
has passed, our Institution has continued to fulfil those useful functions which its founders laid down 
.-as the guiding principles of its existence. 

It may be well to go rather more fully here into some of these questions than was poasibie 
lin the Report of Council. It will be in the recollection of those of you who were present at the Summer 
IMeeting at Glasgow, last June, and who heard Lord Brassey's able paper on " Mercantile Auxiliaries," 
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tliat so much importance was attached to the question that the following resolution, proposed by Sir 
John Dalrj^mple-Hay, was unanimously agreed to : — 

"That as our supremacy depends on the efficiency of our Naval and Mercantile Marine, a com- 
mittee of Admiralty officials, shipowners, and shipbuilders should he formed to discuss the best 
method of constructing a combined Naval and Mercantile Marine." 

The matter afterwards came up before the Council, who drew up a statement on the subject, giving* 
the reasons which appeared to them to make the matter one of urgency. These reasons were emlwdied. 
in the following letter which was spnt to the first Lord of the Admiralty :— 

Institution of Naval Abchitects, 

5, Adelphi Terrace, London, W.C. 

January 14, 1902 
To the Rt. Hon. the Earl of Sei,borne, 
First Lord of the Admiralty. 

My Lokd, — I have the honour to inform you that, as President of the Institution of Naval 
Architects, I have been deputed by the Coimcil of that body to approach you upon a subject which, in 
our humble opinion, merits the careful consideration of His Majesty's Government: namely, the- 
future relations between the Government and the owners of fast liners and other vessels which are 
likely to be of use in time of war. 

Tliis question appears to us to be one of paramount importance, and we humbly submit that it is 
most desirable that Government should institute an inquiry into the whole question, by means of a 
competent Committee composed of shipowners and shipbuilders. Admiralty officials, Naval officers,, 
and members of the Legislature. 

In making this proposal, we have been guided by the following considerations : — 

(1) That unless there is some undertaking l>etween the State and the owners of fast liners and 

other desirable vessels to bind their ships to State service, these ships and vessels may lie 
found unexpectedly in the hands of an enemy at the outbreak of war. 

(2) That the contract should be of such a nature as would effectually deter o\vner3 from 

breaking it. 

(3) That, with reasonable inducement, shipowners would set themselves to make the ships and 

vessels suitable for war purposes. 

(4) That, by these means, the State Navy may be considerably strengthened without adding to 

the expenditure on building and maintaining war cruisers as distinct from the heavier 
fighting ships. 

It is not practically possible adequately to protect a vast commerce with regularly built vessels- 
of war only, and all the leading maritune Powers have consequently found it necessary to create a reserve 
of cruisers. Aa is well known to you, My Lord, the State has already, to a certain extent, made an 
advance in this direction, and it is in order that in future the leading vessels of the Mercantile- 
Marine may not merely be subsidised for emp!o3'ment in case of war, but actually constructed with 
thia end in view, that we venture to bring this question before your notice. 
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I enclose lierewitli, for your perusal, a paper on "Mercantile Auxiliaries," by Lord Brassey (Past 
President of this Institution), which sets forth in detail the reasons I have outlined alwre. At the 
conclusion of the discussion which followed the reading of that paper, a resolution was proposed bj' 
Admiral Sir John Dalrymi>le-Hay and carried unanimously, to the effect that such a Committee 
as that above referred to should be appointed by Government. 

I venture, therefore, to bring this subject before yom" notice, and I trust that you may consider it 
of sufficient inii^rtance to justify an independent inquiry into the subject. 

I have the honour to remain. My Lord, 

Your obedient Servant. 

(Signed) GLASGOW. 

Tlie day after the despatch of this letter, I had the honour of an interi'iew with the First Lord of 
the Admiralty, and I have quite recently received a letter from Lord Selbome, in which he states 
that the Admiralty have come to the conclusion to appoint a small Committee consisting of three 
memljera only, one an Admiralty official, another a Treasury official, and the third engaged in the 
shipbuilding interest. I have been invited to assist Lord Selbome in forming that Committee, 
and I think it will be very satisfactory to the Institution to know that its representations to the 
Admiralty have been fruitful of this very good result. 

With i-egard to the proposed establishment of an experimental tank for the use of shipbuilders 
throughout the country, the Committee which the Council selected to consider this question, applied in 
the first instance to the Admiralty in order to see if it would be possible, before seeking the desired 
accommodation elsewhere, to extend the use of the existingtank at Haslar.so that itmight \x made avail- 
able for private shipbuilders, as is the case at the Government tanks at Washington, Sjwzia, and St. 
Petei'sburg, on payment of suitable fees. To this ap|]tication the Secretary of the Admiralty replied that 
he had laid the matter before his Board, and that their Lordsliips, while sj-mpathising with the move- 
ment, found it iraposaible, owing to the large demands on the capacity and staff of the existing tank 
at Haalar, to further extend its use. Their Lordships, however, kindly granted permission to Mr. R, 
E. Froude, who has so long been in charge of the Haslar tank, to gi\'e the Committee all necessary 
information regarding cost of construction and equipment, &c., to enable them to form estimates for 
ii similar tank elsewhere. 

The Committee, therefoi*, having considered various proposed locations, have thought that tlie 
National Physical Lalioratory at Bushy House, where a very suitable site can be found, would offer 
many important advantages ; a position conveniently near the Metropolis, the proxunity of an estab- 
lished power installation, and a highly trained technical staff, and, above all, a board of management 
of the highest standing, entii-ely unconnected with any individual commercial enterprise, whose 
control would in itself guarantee the treatment in strictest confidence and impartiality of all questions 
■submitted to them. 

The Committee accordingly approached the General Boai-d of the National Physical Luboratorj' 
with a view to ascertaining if the latter would favour the proposal of establishmg and maintaining an 
^x])erimenta! tank in the grounds of Bushy House, provided that a sufficient sum were placed at the 
disposal of the Board t« build and equip such a tank, the responsibility of maintenance resting with 
the Laboratory Board, and the Council retaming a voice in the management of the tank to the 
■satisfaction of the Institution. 
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The i-eply to this application is contained in the following Minute of the Executive Committee a 
meeting of the National Physical Lalxn-atory- :— 

" The letter from the Conmiittee of the Council of the Institution of Na^■al Architects as to the 
proposed Naval Tank having been read, it was agreed xmanimoualy to instruct the Directcr 
to convey to the Committee of the Institution of Naval Architects the thanks of the 
Executive Committee for the proposed gift, and their hearty approval of the suggestion that 
the tank should be established at Bushy, and to state that, if financial considerations allow 
the scheme to lie carried into effect, the Committee are prepared cordially to recommend its 
accejrtance to the Council of the Royal Society." 

It leniains now for those members of the Institution who are interested in the matter to give 
effect to their former resolution, by voluntarily guaranteeing the necessary financial supi^rt, and the 
Council hope in due course to submit a proposal for your consideration. 

Turning to the broader asjject of shipbuilding, the returns of mercantile tonnage launched during 
the year continue to show a steady growth over ]ja3t years, and if, at the present moment, the output 
is somewhat in excess of the immediate demands, the great expansion that is taking place in the world's 
commerce promises to justify this increase at no distant date. 

The 6H9 vessels of the Meixjantile Marine launched during the j"ear in the United Kingdom have 
^gregated 1,524,739 gross tons, or 82,368 tons more than last year, this being an increase of 5J per 
cent, on the previous best year, Ai'hile for the Royal Navy 41 vessels of a combined tonnage of 211,969 
tons have been built, this being 10 iier cent, more than the largest previous yearly output (1898), 

The total tonnage under construction at the close of last year was 89,000 tons more (or 7 per cent, 
more) than the corresponding amount twelve months before. 

But we must not lose sight of the fact that, greet as lias been the growth of British shipbuilding 
during recent years, other nations liave entered the lists, and are straining every nerve in the great struggle 
for the markets of the world. In Germany, Pi'ance, and the United States, we see our greatest rivals 
taking advantage of eveiy advance in scientific research, every improvement in lalxiur ond time-saving 
de^'ices, to outstrip »is in the race ; and in shipbuilding, their efforts seem likely to receive further 
extraneous assistance from the Ixmnties which their Governments have either already established, or 
with which they contemplate fostering this branch of trade. Whether this assisting of an industrv' 
that apparently shows every sign of increased vitality will not, in the end, defeat its own objects, remains 
for the future to prove. The great strides that have been mode in recent years in American shipyards 
are sidnifieant of the jiractical manner in which the subject has been taken up in that country, and British 
sh ii)biii Iders will do well to keep Ijefore them the need of constant thought and effort, and of improved 
methods unhampered by custom or conventionality. 

The retunis of German shipbuilding show that, exclusive of war vessels, 217,600 tons were built 
in 1001, which compares with 204,700 tons in 1900, or an increase of 6J per cent ; this includes such 
steamera as the Kronyrinz Wilhelm, of 14,900 tons, and the Bhcher and Moltke, of 12,372 tons each ; 
while the 66,470 tons of warship construction launched in Germany during the past year is the highest 
return of all the foreign Powers for that year. 

The United States output for 1901 is very large : 433,200 tons wei-e launched, as compared with 
333,500 in 1900, but this includes no less than 159,300 tons of steamers on the Great Lakes, and 

/ 
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135,400 tons of wooden and sailing veasela, thus reducing the output ftf steel and irou Ocean tonnage 
proper to 138,000 tons. This latter figure compares with 71,423 tons for the previous year, the output 
of merchant (Ocean) tonnage having, therefore, nearly doubled, while the figures for warships are 
no less remarkable, 25,000 tons in 1900, and 48,000 tons in 1901. 

In France, the returns also show a large increase upoD last yair's output, the figures being (exclusive 
of 54,861 tons of warships) 177,500 tons in 1901, com|jared with 116,850 tons in 1900, an increase 
of over 50 percent. This includes the very large total of 124,600 tons of sailing vesseb, a direct out- 
come of the hea%y liounties on shipbuilding and shi))-on'ning which the Goveniment have seen fit to 
grant. This jx)licy, which the French have so strongly adopted of i«te yeare, no doubt accounts for the 
large returns of tunnage built, but we must not forget that this is only one aspect of a much larger 
economic question, and one which aflfecta a far wider lange in a nation's welfare than merely its 
shipbuilding intere^its. 

On this point, I may, perhaps, quote with advantage the following remarks from Sir John Glover's 
paper, "Tonnage Statistics of the Decade (1891-1900)":— 

*■ France, I think, led the way in this sj-stem of bounties, and so far as appears, she has not gained 
much by it. Between 1890 and 1900, French imports and exports increased only £12,000,000 sterling, 
from £327,000.000 to £339,000.fM)0. That is u jjoor result, seeing that the French Government paid 
during the ten years 1891-1900, in Itouuties, for consti-uction and navigation, nearly £5,250.000 3t«rliiig, 
in addition to over £10,000,000 sterling in subventions for postal services. It is also significant that the 
total entries and clearances of French shipping at French ports in 1890 was 9,254,879 tons, and, in 1899, 
only 10,137,277 tons ; and that the pereentage of tonnage entered and cleared under the French flag 
m French ports fell from 31-9 in 1890, to 284 in 1899. The total tonnage of the French Mercantile 
Marine is given at 932,735 for 1889, and 957,755 for 1899. These cannot be regarded as encouraging 
lacts for states which are contemplating the adoption of the bounty sj-stem against us." 

In the field of marine engineering, the two reports of the Admiralty Water Tube Boiler Committee 
have caused the attention of engineers to be still engrossed by this much-discussed steam genera- 
tor. Reference was made to the first report in my add- "^3 delivered at the Si)ring Meeting of last 
year. The second report, issued last month, contains full details of some of the most elalxtrate 
trials ever made with vessels of war. Whatever may be the result of the investigation ujwn 
the t\-pe of boiler ultimately adopted for use in the Royal Naxy. the information gi^en in tlie report, in 
regard to the performance of the machinen,-, will be of great value to Marine Engineers of all classes. 
The report, which has been published in full by the technical press, will doubtless have been read by the 
majoritj- of the Members of the Institution, and I hardly think it necessary- for me to enter into the 
details of a subject so entirely technical, and upon which such diverse opinions appear to be still held. 
It may, however, be pointed out that, whatever may lie the resjiettive merits of the shell boiler and the 
water-tube boiler, or of different types of the latter, the navies of the world appear to have definitely 
decided to adopt the newer form of steam generator in one or more of its many forms. 

Id motive machinery afloat, the changes now being made are chiefly in details of construction. The 
triple-expansion engine is still being fitted in ships of the Royal Navy, but in the Mercantile Marine the 
fourth step in compounding is now frequently made. The newer ships for the American Navy are 
aho to have quadruple-expansion engines. 

One of the chief matters of interest among naval engineers at jiresent is the steam t\irbine. It is 
so entirely different in principle and construction from the I'eciprocating cylinder and piston engine, 
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that, whatever its merits may ultimately prove to be — and it tmdoubtedly is a practical marine 
motor — its appearance in the world of marine engineering must always remain an event of the 
greatest interest. During the past year, the marine steam turbine haa been put to a commercial use 
in a very practical way. A jDassenger steamer, the King Edward, built by Messrs. Wm, Denny & Bros., 
of Dumlmrton, and fitted with the new type of macbineri- by the Parsons Marine Steam Turbine Company, 
of Wftllsend-on-Tyne, was put on the route between Fairlie and Campbeltown early in the summer, and 
was run on the regular service for the rest of the season, and the proprietors are constructing a larger 
and faster vessel of the same type. 

Turning to another asjiect of marine engineering afloat, one notices that the practical employment 
of liquid fuel for generating steam has also been a £ood deal canvassed of late. This is father a 
commercial, or an economic problem, than an engineering one, as it is well kno^Ti to those who have 
used liquid fuel on ocean voyages, that there is no difficulty whatever in burning it. The naval authorities 
of the different maritime Powers have given a good deal of attention to the question as applied to 
warships, and a large number of experiments have been made. Although the details of these have not 
been made public, it is generally reported that liquid fuel is looked upon as likely to prove a valuable 
auxiliary in case of war. 

It is now some years since Sir Edward Reed drew attention to the advantages of liquid fuel. Whether 
those who are now endeavouring to establish this new departure in ocean steamships and warships — 
for new it would be in regard t« its magnitude — will succeed in placing it on a working basis, time 
and experience will prove ; but when one rememliers the benefits that are promised— cleanliness, 
saving of labour, reduction in the nuinljer of stokers, economy of space, and reduced weight te carr\- 
— one must recognise that ite success will be a great boon. 

The equipment of shipyards is a problem of mechanical engineering which has occupied a good deal 
of attention of late. The development of electrical power appliances has opened up resources by which 
the shipyai-d manager may save in cost of construction and facilitate work at the same time. This applies 
not only to the driving of machinery, but also to the working of lifting appliances. The machine tools 
in a shipyard are widely spread, and often in ex[K)sed situations ; so that there is considerable loss from 
condensation in the long lengths of pijje when they are steam-driven, and the engines are often ke]»t turning 
for considerable periods when the machines are not in use, simply to prevent cylinders filling with water. 
Electricity naturally overcomes this dilSculty. For lifting and transporting material, gantiTs are 
erected to carry fast-running overhead electric travelling cranes ; these are on the cantilever principle, 
and can serve two building slips. 

Reverting to e^■ents closeiy connected with the welfare of this Institution, we cannot but 
note with satisfaction the evident desire of those connected with the Board of Ainiralty to give due 
consideration to questions of imiwrtance which have arisen of late years. And the mention of 
the Admiralty recalls the change that has taken place in the Naval Construction Deimrtnient. 
Sir William White's i-etirement, after a |>eriod of sixteen years at the head of tliat most important 
branch of the public service, marks an epoch in the historj- of our Naval Construction, the importance 
of which the members of the Institution will be the first to appreciate. None will Ije readier to pay 
a fitting tribute to the genius and the devoted public services of Sir William White, who has so long 
and so honourably been connected with the Institution. That his retirement should have been 
due to his health breaking down under the strain of his arduous duties can only increase our sympathies, 
and Atirnulate the hope that he may, with rest and change, regain strength and health : and that he 
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may continue, as of old, to take part in the affaire of the Institution, and contiibut«, witli hia invalu- 
able experience aud judgment, to the interest of our meetings for many veare to come. 

Looking to the future, our thoughts turn to our esteemed Vice-Pi-esident, Mr. Phili|i Watts, 
F.R.S., who succeeds Sir William White as Director of Navnl Construction. Mr. Wiitts' connection 
with the Institution datea back almost as far a.s that of Kir William White himself, and we may look 
forward, under his nyime at the Admiralty, to a continuance of tlie important part which the Royal 
Corps of Naval Constructors has played in the past history of our Institution. Mr. Watts carries with 
him to his new post the confidence and heartiest good wishes of his colleagues on the Council, and, I am 
aure I may add, of every Memlwr and Associate. 

The Board of Admiralty have, during the past year, shown an evident tlesire Ui encourage enquiry 
into various questions of imimrtance which have come lx;fore them. Allusion has ali-eady been made 
to the exhaustive enquiry tt-hich haa l)een conducted by the Boiler Conmiittee under the able Chair- 
manship of Vice-Admiral Sir Compton Domvile, K.C.B., and time only [Mrmita of a pasainp 
reference to a few of the other Government or Departmental enquiries that have been instituted. 

The llestroyer Committee, whose deliljei-ationa under Vice-Admiral Sir Hurry Rawson, K.C.B. , 
are not yet concluded ; the Ship Suljsidies Committee, under Mr. Evelyn Cecil ; Mr. Arnold-Forster's 
enquiry into past delays in the construction of ships ; and Vice-Admiral Fane's enquiiy into the 
organisation and work of the Construction Department at the Admiralty. 

The Navy Estimatea for the coming financial year 1902-1903 are the heaviest that lia\'e ever been 
presented to the House of Commons, amounting in the gross to £32,376,717. There are, however, 
appropriations in aid which reduced the sum actually asked for to £31,2o5,500. The latter sum is 
£380,000 in excess of the corresponding amount for last year, and nearly nine millions more than that 

of the year 1897-98. 

W'hether the Estimates now brought forward, vast as they appear, are auflicient to jirovide and man 
a fleet equal to the needs of the Empire is a question upon which thei-e is evidently a diversity of 
opinion; but, at any rate, we no longer hew that outburst of hostile criticism which accompanied 
the announcement of the Estimates some years ago. 

The vote which most interests the members of the Institution of Naval Architects ia doubtless the 
Shipbuilding Vote, No. 8. It is made up of three sections : 1, Pei'sonnel, 2, Materiel, and 3, Contract 
work. The two former sections refer to Government or dockj'ard- oijeratiuns; and in both we see 
decreases for the coming fianancial year on this year's estimatt^.* This falling o£f is, ho\^ever, more 
than comi>enaated for by the large increase in contract work, amounting as it does to not ^'ery far trom 
A million (£980,300) on the figures of the present year. The large amount to Ije spent in the private 
shipyards of the country (£6,757,920 gi-oas) will !» more welcome to eontntctoi-s. as the building of war 
vessels for foreign navies liad rather fallen oflf of late. It ia most desirable that, in time of ]>eace, the art 
oi wai-shij) construction should be extensively pi-actised in the various building yards and engine 
shops of tho country, so that we may lie prepared tor emei^ency should hostilities break out. 

At the beginning of the financial year (April 1, 1902) there will Ije under construction — 13 Battle- 
ships, 22 Armoured cruisers, 2 Second-class cruisers, 2 Third-class cruisers, 4 Sloojjs, 2 Auxiliary 



" The financial year commences April 1. 
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Vessels, 10 Destroyers, ."> Toi-pedo Bouts; iind it is exjiected that during the cniniiig year there will be 
completed aiid jMissed into the Fleet resene— ,"> Battle Ships, 7 Armoured Cruisers, 2 Sloops, 2 Auxi- 
liary vessels, 2 Destroyers. 

It is i)ro(X)sed to commence during the financial year 1902-0;! — 2 Battleships, 2 Araioured Cruiseri, 
2 Th ii-d-clasa Cruisei-s, 4 Scouts, 9 Destroyers, 4 Torpedo Boats, 4 Submarines. 

A pi-ogranmie of re-conBtruetioii has also Ijeeii decided upon. It will include alteration in the 
armaments of the (jattleships of the Royal Sovereign class, and of the battleships Barfieur and Centurion. 
The large cruisers Pouvrful and Terrible and the Arrogant and Talhot classes, comprising Vi ships, will 
also have alterations made in their amiament. The chief feature of tliLt scheme consists in the additions 
made to the secondary armament, either by additional 6 in, guns or by substituting them for 4'7 in. 
guns. 

A matter which will be of especial interest to Meniliers of the Institution is that the Admiralty lias 
decided to create a new class of vessel which will he known as the Scout class. They are appiu^ntly 
intended to be somewhat of the destroyer tyjte. but wiih greater sea-keeping power so as to be more 
efficient for serv'ing with the Fleet. As it is pnjjwsed not to initiate a design for the uew class at the 
Admiralty, but to invite the private shipbuilders of the country to submit designs to fulfil certain con- 
ditions, no doubt memliers ot the Institution will !» closely identified with the new class. 

A new departure has also been tjiken in making arrangements which will provide hospital ships 
for the purpose of accompanying Fleets? on active ser\-ice. As far as can be seen they will lie called into 
existence when required, certain ships being earmarked for this purpose {belonging, I pi-esume, to tlie 
Mercantile Marine), and they are having the necessary fittings prejiared, to !» put up when required. 

I have now" alluded shortly to the different questions ot the day i^'hich appear of interest to this 
Institution, and I thank the memljers present for the manner in which they have listened to my address. 

Gentlemen, we now come to what I think you will all agiee, and I certainly thuik myself, is 
the pleaaautest part of our duties to-day, and that is to make to our late most resi)ect«l and most 
beloved Secretaiy, the pi-esentation which was alluded to in the Ilejjort of the Council. I shall always, 
ao long as I have the honour of Ijeing your President, congratulate myself on the fact that I was for some 
months, m the first year of my appointment, associated witli 5[r. Holmes. I can only say tliat I am ufniid 
he will have to listen toagooddealof praise of himself before this presentation is finished, but I must say 
I cannot imagme a man more fitted for the post which he held in this Listitntion. We are fortunate 
in our present Secretary', who, I have no doubt, will in time rival our late one, but I feel iiertectly 
certain that you will all agree with me in saying that no one could have shown greater courtesy, greater 
tact, greater judgment, or greater skill than Mr. Holmes did in the [lerformance of his duties as Secretary 
of this Institution. Mr. Holmes gained the esteem and the resjjeet of all with whom he was associated, 
and it will be long Ijefore his name is forgotten in this Institution. I am afraid I am one of those who 
never get used to the sound ot their own voice, and I teel that I am not able to make a long speech upon 
this or any other subject ; I can only do so when it is written down ; but if I spoke for a week, I could 
not say more than I have already, to show the interest and appreciation we all feel, not only in the past 
career, but in the future of Mr. Hohnes. He has gone to take up a very high and distinguished position 
in his native countr}-, and we teel, trom what we know of the manner in which he performed his duties 
in the past, that he will in the future receive the same ajjpreciation in his new sphere that has hitherto 
been accorded to him. Therefore, gentlemen, without any further preface, I will ask Mr. Holmes to 
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allow me to present to him this ven- handsome cup, which I hope he will be ahle for many years to see 
before him upon his dinner table. I have also to present him with an illuminated address which 
has Ijeeii drawn up with the approval of the Council, and which, I hope, he will retain as a memento 
of Ilia services to this Inatitution, And lastly, gentlemen, there is a cheque representing that sum of 
money which you have heard mentioned in the Report of Council. I heartily congratulate him on 
the proofs he has received of tlie esteem and i-egard in which he aiwaya has been, and always will be, 
held by the members of this Institution. (Prolonged applause.) 

ilr, George Houies (Honorary Member and late Secretarj-, i.N.A.) : My Lord Glasgow, my Lords, 
Ladies and Gentlemen, the last sentence of the much too generously-worded address which you have 
just presented to me makes me feel how intensely pleasant it is to he once more amongst so many old 
and true friends. Nothing in life can ever make up for the loss of one's friends. My Lord, I feel I have 
before me to-day certainly the most agreeable, but, at the same time, the most difficult, duty which it 
has Ijeen jny lot to perform since first I became officially connected with this Institution. I do not know 
how I shall ever thank you for all that you have done for me, I feel deeply touched by your kindness 
and your generosity. You have done everything it was possible to do for a departing servant. You 
have conferred on me the highest honour in your jiower by electing me an honorary member of the 
Institution. There is nothing I value more in this world than that honour. Then you have presented 
me with this beautiful address, tar too generously worded, and with this artistic cup, which, as our 
President says, will at all times, as long aa I live, recall to me your kindness, and the many delightful 
occasions on which we have been associated in the past. And, lastly, the members, by their generosity, 
have made me a most handsome gift, which I really do not know how to thank them sufficiently for. 
No words of mine can adequately exjjresa my feelings to-day. My Lord, in your address, you have been 
])leased to refer to what you considei' my services to the Institution. You have praLsed those services 
far above their deserts. The success of this Institution is not due to any efforts of mine, it is due to the 
fact that it fulfils a great national purpose. Who can think of England without liei' Mercantile Alariue 
and her Jtoyal Navy, without the ahijs that carry her commerce to the uttermost ends of the earth ; 
that bring her Colonists — those i>ioneers of civilisation and justice and ordered liberty — to many a dark 
corner of the world, and l»ar Ijack to us those pi-oofs of supjxirt and of aflrection which have lieen so 
generously gii-en to the Mother Countiy. during the last years of storm and stress ? You are the men 
who render all this possible, and I have, therefore, always claimed for this Institution that it fulfils one 
of the greatest jjurjioses in this countrj. Those purposes have been aided by a singularly wise 
and disinterested Council, presided over by a succession of most able Presidents, under each of whom I 
ha\"e had the honour to ser^e, and as to whose merita I therefoivcan testify Ijetter, perhaps, than most. 
They are men who have given their ^vhole hearts and their best energies to the service of the Institution ; 
all of them distinguished men who have served, and ai-e servuig their country', in various capacities, 
and in many parts of the world. All that I have done is to carrj- out their instructions to the liest of 
my ability, and that has not been too well ; but I have l)een aided in my efforts by a very devoted staff, 
whose merits I should like once more on this, the last occasion T shall have the opiwrtunity of doing so, 
to place l)efore the Institution. I would also, if I may be allowed to do so, congratulate the Institution 
on the choice the Council has made of its new Secretary. During the short time he has been in office, 
he has managed to endear himself to all who have come in contact with him, and to me it is an in- 
ex pressible del ight and relief to know that the affairs of the Institution have been, and are being conducted 
so admirably. My Lord, once more I thank you all from my heart for what you have done for me. My 
connection with this Institution will always lje to me the most agreeable recollection of my professional 
life, (Prolonged applause.) 
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The Phesident: Gentlemen, the next duty which fnll3 uiwn nie is the presentation of the Gold 
'Uedal, which was awai-ded for last year to Professor W. E. Dalby, M,A. I tliiiik Professor Dalby is 
present, and I have much pleasure in presenting him with the Gold Medal. There is also a Premium 
of Booka, which has Ijeen awarded to Commander Hovgaard, late of the Royal Danish Navy; but as he 
is not in this country, I am afraid we cannot present it to him in jjei-son. I will, however, take care 
that it is dulv foi-warded to him as the award of this Institution. 



Beslxt of thk Ballot fob the Ei,EimoN of Members and Associate Members of CoiiNcn.. 

Before the reading of the first paper on Thursday morning, the Scnitineers appointed to examine 
the Itallot i»a(>eiii for the election of the new Council, presented the following report : — 

Ijistitutwn of !\'aml Architects, 

5, Adelphi Terrace, lAindon, W.C, 

March 19, 1902. 

My Lobd, — We have counted the votes i-ecorded on the Imlloting sheets enclosed in the ballot lx)x 
given to us this day, and beg to report that the result of the counting b that the following gentlemen 
have been elected : — 

As Members of Council — 

Deadman, H. E. Swan, H. F. 

Bahnaby, S. W. I DuNLOP, J. G. 

TnEARLE, S. J. P. I Thomi-son, R. 

As Associate Members of Council — 

Lewes, V. B., Professor. I Riley, James. 

We are, my Lord, 

Your obedient servants, 
(Signed) W. E. SMITH, Member of Council, 
H. M. ROUNTHWAITE, Member. 

To the Right Hon. the Earl op Glasgow, G.C.M.G., LL.D., 

President, Institution, of Naral Architects. 
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TORPEDO-BOAT DESTROYERS. 

By S. W. Babnabt, Esq., Member of Connoil. 

plead at the Spring Meetings of the Forty-third Seeeion of the Institation of Naval ArchftectB, 
March 19, 1902 ; the Eight Hon. the Earl of GLASGOW, G.C.M.G., LL.D., President, in the Chair.] 



So much attention has been drawn to the Destroyer class of the British Navy 
daring the past year, that no excuse is needed for a short paper on the subject. 

It will necessarily be short, because no fuU treatment of the question is possible, 
in view of the fact that a Committee is now sitting at the Admiralty, and is 
investigating all the cases in which defects due to weakness of construction are 
reported to have developed during service at sea. I shall not, therefore, attempt to 
discuss these cases, because the facts have not been authoritatively made known. 
Neither do I wish to express an opinion as to the loss of the Cobra. I will only say 
that, although she was an exceptional and experimental vessel, still, if we are to 
believe that no injury to the bottom preceded the accident, it must be considered 
surprising that no preliminary straining or labouring of the joints gave warning of 
danger. We have no experience of mild steel, of the high quality to which we have 
become accustomed, having failed suddenly, even under repeated appUcations of 
stresses well within the elastic limit of the material. But as to what really happened, 
the evidence, to my mind, is not at all conclusive. 

The problem which was originally set the Destroyer buUders was, to produce a 
small vessel which would be faster than a torpedo boat, and would carry a heavier 
armament. These were the sole conditions imposed. Messrs. Yarrow and Messrs. 
Thomycroft, who made the first designs, naturally worked on the lines of the torpedo 
boats which both firms had been building for years. Speaking for Messrs. Thomycroft, 
we had confidence, from our experience with these boats, that if Destroyers were 
developed on the same lines they would be at least as seaworthy as torpedo boats, if 
not more so. We had built over 200, some of which had made voyages in all weathers 
and to all parts of the world, and not one bad been lost at sea through insafiScient 
strength. We considered that they must be amply strong enough to Kve through any 
weather in which they might be caught, but that the officers and men might reasonably 
be asked to submit to the same amount of discomfort at sea as was borne by the crews 
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of torpedo boats, seeing that they were designed for the special purpose of catching 
these boats. 

The torpedo gunboat of 800 or 1,000 tons is probably the smallest vessel in 
which any degree of comfort for the crew can be secured when it is necessary to 
remain constantly at sea ; but although the torpedo gunboats may be able to overhaul 
torpedo boats in rough weather because of their size, a class was wanted which would 
ovOTtake them in any weather, and I think this want has been met by the present 
Destroyers. 

So far as I know, this condition of discomfort has been cheerfully accepted by the 
Navy, and the important question is, can these small vessels of high speed be made 
■ reasonably safe at sea ? I think there is no doubt that they can. 

The strains coming upon a ship among waves are not exactly, or even approximately 
calculable. The effect of the inertia forces produced by the rapid motion of the ends 
of the vessel as she pitches and scends cannot be estimated, because the velocity of 
the motion of the parts is not determinable. It is not necessary fco enumerate the 
complex forces produced by the motion in a seaway, it is suflBciently evident that the 
data for exact calculation are altogether wanting. Then, again, while at one moment 
the deck of the vessel forms the top of the girder and the keel the bottom, at the next 
moment the rolling of the vessel may make the comer of the deck take the place of 
the top, and the opposite bilge that of the bottom of the girder. 

AH that it is possible to do is to estabUsh a scale of comparison by which we may 
judge of the safety of one vessel by comparing her with another whioh has shown no 
sign of distress during the time that she has been at sea, and even then it is always 
possible that exceptional circumstances may occur, which may cause us to modify from 
time to time our standard of comparison. 

It is usual to suppose, by considering the vessel first as poised upon the 
summit of a wave of her own length, and then as lying between the crests of a pair 
of such waves, and reducing the hull to the form of an equivalent girder, that a method 
of comparing the stresses to which ships are subjected at sea is possible. 

The vessel may never be in such a condition, probably never is, and if she were, 
the stresses would doubtless be difTerent from what they are calculated to be ; but in 
default of a better way of ascertaining if a given ship stands at least as good a chance 
of safety at sea as some other ship which has proved to be satisfactory, the test is a 
valuable one. It is usual to assume the height of the wave for vessels of this size as 
about YTs Q^ ^^3 length, and some idea of the severity of the supposed conditions may 
be obtained, when it is stated that it means that a 210 foot Destroyer is immersed to 
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the gunwale at the two ends, and that only about 2| feet of the depth' of the hull 
amidships is in the water when she is lying in the trough, and that when poised on the 
cireBt, about 34 feet of each extremity of tiie ship is out of the water altogether. 

It is, of course, of great importance that the deck should not only be sufficiently 
strong to avoid buckling locally under compressive strains, but that the form of the 
deck as a whole should be rigidly maintained. In the long machinery compartments, 
where there are no bulkheads, either transvei!s6 or longitudinal, great care needs to be 
taken that the deck beams and longitudinal deck girders are sufficiently strong for the 
purpose. In some of the latest Destroyers buUt abroad, where the engines are placed 
between the boilers, the coal bunker bulkheads are continuous through the engine-room, 
and greatly add to the strength amidships, but this arrangement obliges the engines to 
be placed one in front of the other, since there is not sufficient width for them to be 
abreast. This so 'greatly adds to the length of the ship, and consequently to the 
bending moment, that it is to my mind a doubtful advantage. The longitudinals and 
deep beams over these spaces will no doubt be reinforced in boats in which any 
tendency to bending has been observed. I think that they might with advantage be 
further siipported by pillais, in order to strengthen the deck to withstand the 
compression to which it is subjected under a sagging moment. 

Our practice has been to make the deck perfectly straight for the greater part of 
the length of the ship, giving no sheer except at the bow. Any sheer amidships 
prevents the deck from taking its proper share of the tension coming upon the upper 
works under hogging moments, and throws undue stress upon the sheer strake. 

One of the most important factors determining the strength or weakness of a 
Destroyer — more importsint, in my opinion, than the thickness of the plating — is the 
ratio of depth to length. 

In the Albatross, which is the longest we have built, there are ISJ depths in the 
length ; bnt in some of the class, I believe, the depth is much less in proportion. Two 
Destroyers may have the same scantlings of plates and frames, and be alike in length 
and displacement, and yet one may be a weak ship and the other a perfectly sound 
one ; and especially may this be true if there is a great disproportion in relative depth. 

As regards details, to which we attach great importance, I wiU only mention one 
or two. ITnless the greatest care is taken in leveUing the shell and deck plating by 
hand upon the slab, parts of the plate wHI be more severely strained than other parts, 
and the strength of the whole plate will thereby be reduced ; but this is tm operation 
requiring great skill and taking much time. Ho amount of machine rolling will level 
these plates as they require to be levelled, if the full advantage is to be taken of every 
pound of the material. 
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Joggling the butts of deck plating is, in my opinion, an undesirable practice, 
especially when this is of high tensile steel. I think it not only injures the plates to 
treat them in this way, but it also prevents the fall tensile strength of the plate from 
coming into play. A joggled stringer butt, for instance, is subjected to an unfeir pull, 
which has to straighten the kink in the plate before it can stretch it, and an excessive 
strain is thrown on the sheer strake. 

The riveting is another detail requiring the greatest care, and we never allow this 
to be done by piece-work. The introduction of high tensile steel has made the 
question of riveting of still greater importance. The value of this material would be 
much enhanced if rivets of the same strength could be employed ; but there are 
dif&oulties attending its use, and not much experience has been gained with hard steel 
rivets up to the present. * 

If rivets, either of mild or hard steel, are riveted cold, they appear to become 
brittle and treacherous, and our experience has satisfied us that good Lowmoor or 
charcoal iron rivets are more reliable, and as strong as steel rivets when put in cold. 
Bivebe of small diameter cannot, we believe, be safely put in hot, whether they are 
iron or steel ; because they are liable to waste by scaling in heating, and are cooled so 
rapidly on being put into the holes, that there is not time to properly knock them up 
before they arrive at a temperature at which hammering is injurious to steel. We 
therefore prefer iron rivets for sizes up to f in. or /g in., but those of i in. or upwards 
might be of steel, and should be worked hot. It may be possible to use high tensUe 
steel for these, if it is certain that its quality is not affected by the heating, on which 
point more experiments are desirable. The spacing of these rivets could be greater 
than with iron rivets, and the plate would be stronger at the joint. 

The ratio of weight of structural hull to total displacement in Destroyers is not 
unduly light, and does not compare unfavourably with that found in other classes of 
warships. For example, Sir William White, in his " Manual of Naval Architecture," 
gives the weight of material contributing to structural strength in a steel-built 
first-class battleship of the present day as 18 per cent, of the total displaoement, and 
for a typical swift protected cruiser of high speed, large coal supply, and heavily 
armed, as 20^ per cent, of the total displacement. This is considerably less than the 
percentage of weight of material contributing to structural strength in torpedo boats 
and torpedo-boat destroyers. 

Although the "Thomycroft" Destroyers are not longer in proportion to depth 
than the earlier torpedo boats, we have taken more care to preserve the continuity 
of longitudinal strength than was done in those boats. Continuous keelsons, side 
stringers, and deck striugera have been introduced which were not fitted in the 
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torpedo boats, and tax more attention is now paid to the fitting of doubling plates in 
way of openings in the deck, such as fannels, fan cowls, hatchways, &o., in order to 
compensate for the material cut away by these openings, and thus to bring the strength 
there up to that of a normal section taken through the rivet holes at a frame, which 
should be the weakest section in the ship. To this question of compensation the 
Admiralty have very properly attached great importance in all their recent specifi- 
cations, and there is no doubt that it is much more necessary to pay careful attention 
to it than it was in torpedo boats, on account of the increase in dimensions. 

The longitudinal bending moments for similar ships on similar waves vary as the 
fomlih power of the hnear dimensions, so that the stress per square inch of material will 
increase with increase of dimensions if weight of hull vary as displacement, and as a rule 
this is found to be the case. Large ships are usually more highly stressed than small 
ones. M. Normand and others have shown that structural weights should vary as the 
four-thirds power of the displacement for equal stresses under longitudinal bending in 
similar vessels. But in deaUng with moderate increases of dimensions,' as in passing 
from a torpedo boat to a Destroyer, there are a good many of the scantlings, such as 
plating over propellers, doubUngs and chafing plates in way of anchors, coal bunker 
bulkheads and shovelling flats, and other parts which do not count for much in struc- 
tural strength, but which require to be of a certain minimum thickness for local 
strength in the smaller vessel, and which do not need to be increased in the same pro< 
portion as the rest. The weight thus economised can be utilised in thickening the 
deck, keel, and sheer-strake amidships above their proper proportion, and thus the 
stresses per square inch of material do not rise at the rate that they would otherwise 
do. As a matter of fact, we have found that by improvements in structural detail, 
such as I have mentioned, it has been possible to keep the estimated stresses in 
a seaway down to a figure which allows a good factor of safety, taking into consideration 
the strength of the high tensile steel employed. 

There is no reason why boats having speeds of 30 or 31 knots at light draught should 
not be as capable of living through bad weather as a torpedo boat. This was the 
original standard, and provided that they are equally well proportioned and equally 
well built, they should run no greater risks than their prototypes did. If a higher 
standard of strength than this is now considered desirable for Destroyers for the British 
Navy, so that instead of working from a base they may always accompany the Fleet 
at sea, I believe this requirement can be met without a great sacrifice of speed. 

It would be unfortunate if the exaggerated impression which has got abroad as to 
the frailty of Destroyers as a class should lead to a swing of the pendulum in the 
direction of increase of weight which should greatly exceed the necessities of the case. 
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If we go to such heavy Bcantlings, or if we so increase the dimensions in orcter to 
secure comfort at sea, that Destroyers can no longer be fast enough to overtake 
torpedo boats in smooth water, woiild not their usefulness be much impaired ? Other 
nations will probably continue to build small fast craft of this description in which 
comfort is sacrificed to speed and'efQcienoy, and can we afford to be left behind ? 

The present Destroyers, like the torpedo boats, are lightly built at the ends, and 
it is necessary to give special attention to the bow plating and framing in new boats, so 
that they may be able to maintain speed in rough water. Besides the local strengthen- 
ing of the bows and a moderate increase of scantlings generally, say from ten to fifteen 
percent., to enable them to stand more knocking about, I think it would be wise to 
increase the ratio of depth to length even above that of the Albatross. The strength 
should then be ample for all requirements. 

I do not feel at liberty to say anything about the latest designs that have been 
called for by the Admiralty, in which builders have been left as usual a iairly free hand. 
The moderate speed specified, 25J knots, is due chiefly to the conditions of trial, which 
has now to be made with full load on board, and not, as previously, with a very light 
load. Although I should have preferred to see the trial made under average conditions 
of load, that is, in fully equipped condition, but with bunkers half full rather than in 
either of the extremes of loading, still I can see no reason why thoroughly good boats 
should nob be built under the new conditions laid down, provided that moderate views 
are allowed to prevail as to the hull weights and dimensions which are left to the 
judgment of the designer. 

They will not be as fast at a light draught of water as the present boats are in that 
condition, but their speed will be increasing all the time as the coal bums out, and the 
average speed should be considerably more than that obtained on trial. 

In view of recent events, what is a safe stress upon the material either of the deck 
in compression or upon the keel in tension ? Do our views upon the subject require 
modification, and, if so, to what extent ? 

Fairbairn found, many years ago, that the joints of an iron-riveted girder sustained 
upwards of three million changes of one-fourth the weight that would break it, without 
any apparent injury to its powers of ultimate resistance. It broke, bowever, with 
313,000 additional changes when loaded with one-third the breaking weight, evidently 
showing, he says, that "the construction is not safe when tested with alternate changes 
of a load equivalent to one-third the weight that would break it." There are numbers 
of large ships at sea in which the stresses must be considered very high if judged by 
this standard, but which have shown no signs of distress. This would seem to indi- 
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cate that the extreme oonditionB asBomed in the stress calculations are very rarely met 
with, and that if they do occur they last for a comparatively short time. 

But we have to rememher that it is more difficult to get a thin plate to stand a 
compressive strain, than a thick one, and also that small vessels are likely to encounter 
waves which will strain them more frequently than large vessels. The waves which 
are assumed in stress calculations of battleships are given by Sir "Wilham White as 
380 ft. in length, and 24 ft. in height ; while those assumed for a 210 ft. Destroyer are 
10^ ft. high only. Of course, the Destroyer which has to keep company with a battle- 
ship may be called upon to encounter the 24 ft. waves ; but these, on account of their 
greater length, do not produce such a severe bending moment as the smaller wave. 
The boat cannot stretch from crest to crest, and is better supported than upon the 
shorter waves of less height. 

But, as I said before, these calculations cannot be depended upon for exact 
figures, and are only useful as methods of comparison. 

I have my own opinion as to how high a stress it is safe bo allow ; but it would 
serve no useful purpose to attempt to fix a definite limit, where so much depends upon 
workmanship and other indeterminable quantities. The builder's own experience 
should be his guide. If all vessels had to be built to the rules of insurance societies, 
there might be less risk, but there would certainly be less progress ; and torpedo 
boats and Destroyers could never have come into existence. 



Mr. A. F. Yahbow (Vice-President) : My Lord and Gentlemen, I have much pleasure in 
complimenting Mr. Bamaby on his very interesting paper ; not only is the paper of great value, 
but the subject is one Afhich at present is attracting much attention. I think, in the construction 
of these light vessels, the elasticity of the structure is one of the most important points to bear in 
mind. A great deal of the success of these light structures is undoubtedly due to the fact that under 
blows of the sea, and strains due to waves, they give somewhat, and if it were not for that springing 
they would be destroyed. I think the question of elasticity caimot be too much studied. Of course, 
elasticity in tiie structure must be, as far as possible, uniform. Destroyers in rough weather twist 
and bend, and, if the movement be concentrated locally, if the bendmg takes place mainly in certain 
parts and is not distributed more or less throughout the length, the metal in that part of the hull 
where the bending mainly takes place gets fatigued, and sooner or later comes to grief. One ought, 
therefore, to look upon the structure as an elastic body and deal with it as such. Not only will 
a reduction in section produce a weak place, but an increase iu section will also do the same ; for 
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example, if we made a hole iii & clock sprmg, it would probably bi-eak very soon at the hole. In 
the same way, if we strengthen a clock spring over a portion of its length, it will give way- at the 
place where the section changes ; so we have to add material very carefully in a structure of this 
kind. There is no doubt that the buckling strains to which the deck is subjected are among the most 
important things to be studied. In relation to this, one must bear in mind that good workmanship 
here plays a much more important part than it does in moat parte of a vessel, for this reason; if 
a plate is not " fair" and a tensile strain comes upon it, it gradually gets pulled into such a form 
that it cau stand the strain better than in its original form ; while if a plate which is out of shape 
or "unfair" has to stand a compressive strain and begins to buckle, then, as buckling proceeds, the 
plate becomes weaker and weaker to withstand the further buckling strains ; and it is, therefore, of 
the utmost importance, when we are dealing with light plates subject to buckling strains, that the work- 
manship should be beyond question. With reference to the butts of the deck, our custom is for all 
butts, both to the deck platmg and the sheer, to put a butt strap inside and out. I believe that is the only 
fair way of dealing with light plates subject to buckling strains, because the strain passes through, m 
it were, the centre of the plate and through the centre of the joint, which it does not do in the case of 
a single butt strap. J had no idea that anybody would join the deck buttt by joggling, and really. 
I do not think that anyone who does that has fully appreciated what lie is doing, because in that 
case you are, as it were, just starting a buckle. If one wanted a plate to buckle, one could not do 
better than make it originally in that form, for we know that when a tensile strain comee upon a bar 
or a plate which is nicked, it is pretty sure to bre^ at the nick, and it is a very dangerous thing 
to allow a nick in anything subject to tension. A small buckle is equally dangerous, as it is the 
commencement of a big buckle in any light plate subject to compression. As I say, our practice is 
that all the deck plating should be joined by a butt strap on both sides, and the same system applies 
to the sheer strake as well. I am inclined to think that that is the only reliable mode of keeping 
the plate in form, because if you have a butt strap on one aide only, that has a tendency to start 
a buckle, for in a light plate one cannot reckon on having the butts so that they touch ; that 
is practically an impossibility. It ia in the details of construction that one cannot \ie too careful 
to avoid the tendency to cause a buckle, and I am glad Mr. Bamaby has drawn attention to the great 
importance of flattening the plates before they are bent into shape. If you have a plate which, when 
it cornea from the works, has a buckle in it, that buckle must be taken out, because, although the 
plate may appear flat, the buckle will ahow itself when a compreaaive strain comes upon it. Similarly, 
we attach very little value to the plating over the boilers, i.e., the centre portion of the deck, 
which passes over the steam chests, owing to the heat from the latter expanding the plate imme- 
diately above it. We all know that in walking over the deck (if it is a thuily plated Iwat) those 
plates, just where the boiler comes, begin to buckle before you reach them, and they are, therefore, 
not in a good condition to take any compressive strain. In fact, I think that those plates are 
actually doing harm, because they are in reality the means of starting a buckle. Mr. Damaby referred 
to insurance companies, and it may be of interest to members to know that for destreyers built in 
different parts of the world, the rat^ of premium varj' from 63. 8d. to two guineas. I do not say 
that the risk is in proportion to tliat, but it is an indication of wliat those peo])le think who make 
a study of that particular subject. In conclusion, I am veiy glad of the opportunity of expressing 
my firm conviction that torpedo-boat destroyers with the present scantlings are of ample strength to 
ensure the safety of those on board in any weather, if skilfully handled, and provided the work- 
manship is exceptionally good, and that proper attention is given in the design to those details which 
are so essential in vessels of light construction. Any further material put into the structure of the 
hull would only tend to reduce the speed and usefuhiess of this class of vessel without any corre- 
sponding advantage* 
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Mr- J. 1. Thornycrost, IX.D., F.R.S. (Vice-President): As to the larger aspect of the question 
of aeanorthiness, and of suitability for the particular purposes for which these vessels are designed, 
it must not be forgotten — though Mr. Bamaby really has already laid stress on this point — ^that it is 
of the ver>- greatest importance that the builders should not be so handicapped as to make them 
turn out vessels which will not answer the purpose for which they were originally designed, and 
it must be conceded that more risk is allowable in this kind of vessel than in an ordinary one. I 
am very glad to hear how much confidence Mr. Yarrow has with regard to n'hat can be done, and 
that he thinks these boats can be made successful in resisting the action of the sea ; hut it must be 
always allowed that there are circumstances in the behaviour of waves at sea, for instance, which do 
not conform to the beautiful theoretical curve of sines or anything like it, and these vesseb, which 
are necessarily verv' light, may be subjected on occasioue to something they cannot withstand ; but if 
they are built so as to have a fair chance of safety, I think all is done that can be asked for. It 
is of the greatest importance that these destroyers should not be so legislated for as to really put 
them out of existence. I understand also that this class of vessel has been veiy valuable for the training 
of our sailors, and in forming a school in which men can take a responsibility which it is not possible 
to give them in large ships ; young officers can learn to handle these vessels — and difficult they are to 
handle, requiring, as they do, a very quick appreciation of the surrounding circumstances — and in that 
way they serve a very useful purpose as a training school for our sailors. 

Admiral Sir Nathaniel Bowden Smith, K.CB. (Associate) : My Lord President and Gentlemen, 
I would much rather have heard the opinions of some of the experts here about these boats, but, as 
I have Ijeen called upon to speak, I will venture to offer a few remarks on the paper we have just 
heard, disclaiming for my part any knowledge of the building of either destroyers or torpedo 
boats, nor can I claun personally to have any knowledge of handling them. This type of craft came 
into general use in our service some time after I had arrived at a position on the list which pre- 
cluded me from serving in them, but from my recent experience when in command at the Nore, I came 
to the conclusion that our destroyers were too frail for the purpose for which they were required. As 
you all know, we have at each of the three home ports, Portsmouth, Plymouth, and the Nore, a flotilla 
of eight destroyers, which are kept in constant use for exercise and practice, and moat valuable they 
are for the instruction of both officers and men, as Mr. Thomyoroft has just pointed out. But I must 
say that after a three weeks' cruise they hardly ever returned into port without one or more of them 
being more or less damaged in the hull. They are so veiy slightly built that the least collision 
between two of them, the rubbing against a buoy or floating wreckage when coming into harbour 
after dark, or the slightest impingement against a wharf or jetty is bound to cause serious damage. 
I quite understand the builders wishing to keep down the weights as far as possible, but I am glad 
that the Admiralty has appointed a Committee to inquire into the matter, which, I believe, will 
lead to the strengthenuig of some of our present boats and to the designing of new ones of somewhat 
stouter build. In the old days, if we were opposed by a gale or heavy weather, we always lay to. 
Under the present conditions, with the enormous power we have in vessels, it is sometimes the fashion 
to push them, perhaps unwisely, and thereby subject them to enormous strains. In former days, we 
did not lay by merely to save our boats and avoid damage, but also because we could not well 
do othenvise. Long after steam was introduced into warships, it was of such small power that we 
could make no progress ^;ainst a strong head wind, and the only thing we could do was to lay to, 
and drift as little as possible. The author alluded to the unfortimate loss of the Cobra. She^wos 
at the time, I believe, making for port. If she had been lying to with her head oEf shore and bow to 
the waves, I suppose no harm would have happened to her. In making that suggestion, I do not 
wish to impute the slightest blame to the unfortunate officer in command or to anybody else, nor 
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would I say anything to diacourage young officers from occasionally pressing their boats in bad weather^ 
because they might have to do so in war time, nor do I imply that these vessels are not perfectly 
seaworthy. The author tells ua that Thomycroft's firm have sent out some two hundred de3ti<oyer8 
to different parts of the world. I remember in 1881 or 1882, when out on the south-east coast of 
America, some torpedo boats — not destroyers — coming out to the Argentine Government. They had 
their screws taken off and some of their weights removed and came out under sail, and I remember very 
well, when the first boat appeared in the roadstead at llonte Video Harbour, we were all wondering 
what the strange little craft could be. I should not have addressed this assembly if I did not wish 
just to emphasise this fact : that these vessels, being very slight as regards their frames and plates, 
are furnished with engines and boilers of enormous power, and, if prei»ed against a liea\'y sea, they 
must he subjected to an enormous strain, which the author himself tells us " cannot Ije even approxi- 
mately calculated." 

Mr. Fkancis Elgar, LL.D., F.U.S. (Vice-President) : My Lord and Gentlemen, I fear there is but 
little I could add with advantage to what has ah«ady been said on this subject, but I would be ]>leflsed to 
submit to the meeting some opinions I have formed during the last few years in connection with 
the design and building of these boats. Mr. Baniaby has expressed very clearly in his paper — as clearly 
as he is well able to do under the conditions imposed upon him, not being, of course, free to publish 
details of design and construction — what is the general nature of the problems tJiat have to be dealt with 
in the structural design of destroyers; and, if I might express such an opinion, I think he has per- 
formed the task very judiciouslj'. We find, as designers and builders of torpedo-boat destroyers, that 
nothing of atructiirat w^eakness is heard from the Admiralty after these boats leave our hands. My 
firm has been building them for seven or eight yeai-s, and we have had no complaint whatever, official 
or otherwise, of structural weakness ha\-ing shown itself in any case. It is only within the last tew 
months that we have heard doubts expressed in various quarters, and these have been of a general 
and somewhat vague character, as to the strength and seaworthiness of torpedo-boat destroyers as a 
class. Now it must be reinemljered, in connection with this class of boat, that when they were first 
built they were designed for the special work of chasing and running down ordmarj' torpedo boats; 
everything else had to Ire siacrificod to speed, so long as thej' were made sufficiently seaworthy 
for following up and coping with ordinary torpedo boats at sea. The designers of the torpedo-ljoat 
destroyers were not asked to produce boats tliat would, before evei-j'thing else, be able to keep the sea 
at all times and in all weathers, and to perform any general duties at sea that might be put upon them. 
Had that been so, I think some of ua might have hesitated befoi'e designing the boata exactly as they now 
are. They were intended, or so we believed, to work within a limited range from a base, and to keeji 
torpedo boats away. I suppose the ideas in the Navy were necessarily rather indefinite at the time as 
to the precise extent to which it might be found desirable to employ such boats, but the Admiralty, 
after getting possession of them, have naturally tested very thoroughly the extent to which they can 
be used at sea. I, for one, have been surprised to find that these boats are as efficient and safe at sea 
as they have proved themselves to be. A considerable numter of torpedo-boat destroyers liave been 
sent to all parts of the world, and have been severely tested upon long voyages in bad weather ; and 
I think it ia wonderful that they have come out so well aa they have done. I doubt if any designer 
would have had the courage to guarantee, merely upon the results of his calculations, that these boats 
would have stood the straining action of the sea under various conditions so well as they have generally 
done. I quite agree w^Jth the view Mr. Bamaby expresses in the paper, that the data obtained by 
calculation are very unreliable by themselves as a standard for determining the value of these boats at 
sea, and that it is not safe to judge of their stractural strength merely by the i-esults of calculation. 
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It is only pfactical e:q>erience, and exhaustive triab of the boata under working conditions at aea, that 
can show exactly what their qualities are, and furnish a real criterion of their value for sea-going 
purposes. I consider that the results up to dat«, taking them all round, have shown that, judged hy that 
criterion, they have come out very well. So far as I have heard anything about defects due to 
structural weakness, they have been pretty well confined to the top of the boats — to the deck — and they 
have generally appeared to be connected with or caused by the buckling of the deck plating between 
the beams, or the failure of the deck plating at o butt joint. I ani surprised, with Mr. Yarrow, to see a 
butt with a jo^led lap introduced into this class of work, where the greatest obtainable strength and 
efficiency is required from every item of material, and it is especially surprising to find this in a 
part of the structure where tensile strength is considered so important that specially high tensile steel 
is substituted for the ordinary ship steel. This is obviously a weak form of butt joint, and not one that 
is adapted for bearing great t«nsile or compressive stresses. Now, although the defects of which we 
have heard have generally been in the decks of these boats, the calculations of structural strength 
indicate (so far as I have been able to go into them) that it is not really the top of the boat that is 
the weakest part, so far as the distribution of the material over the transverse section is concerned. 
I am inclined to think that the bottom of the boat is, on the whole, weaker structurally than the top. 
The reason that the decks have failed in some cases does not appear to be because there is not material 
enough in the deck, but because it has not been sufficiently stiffened and supported against buckling. 
The plating has apparently failed by buckling long before the full amount of stress it could otherwise 
liave borne came upon it. What the calculations seem to point to is that if it were considered or 
found necessary to increase the general structural strength of these boats, the way to do it would not 
be to add more material to the top, but to put it into the bottom ; at least, if greater weight of material 
is found to be required. I think, however, it is very doubtful if more material is necessary. Great 
attention is required to the butt connection of the pLiting throughout and to the decks, so as to prevent 
buckling of the plates and enable the deck plating to exert itself to the full extent of its strength in 
resisting the stresses that come upon it. There is one other question that seems to require attention, and 
tliat is, whether the riveting might not be increased with advantage where high tensile steel is employed. 
I doubt it the rivet connections of the butts, for instance, are sufficient, at present, to enable as much 
as possible of the full structural value to be obtamed out of the material. If any change were to bo 
made in this respect, the double strapped butt, as shown by Mr. Yarrow, is one which would, of coui-se, 
enable additional value to be obtaiued out of the rivets. I will not occupy time with any further 
remarks, but conclude by saying that I thoroughly agree with Mr. Bamaby and Mr. Yari-ow as to the 
necessity of paying the greatest attention to details in every portion of the structure of these boats. I 
am satisfied that by so doing, by stiffening the plating in every part of the structure, and supporting 
it so as to ensure that every part will do its proper work and give full value in structural strength 
for tlie weight it adds to the boat, and by careful attention to everj' other particular and detail, 
however small it may appear to be, the strength of these boats can be improved, and more real good can 
be done than by making the plating thicker, stronger, and heavier throughout, and thus handicapping 
them with unnecessary weight and risking a faihire to fulfil in a thoroughly complete and satisfactory 
manner the main objects for which they were introduced into the N^avy. 

Mr. James Haiulton (Member of Council) : My Lord and Gentlemen, 1 wish to say that it occurred 
to me, on hearing this paper read, that, in the opening paragraphs, Mr. Bamaby rather suggested 
the idea that he is giving way too much to the popular idea that there can be no useful warship 
or vessel that does not fulfil the condition of being strong enough to be able to keep the sea Avith 
s full measure of safety in all weathers. I say a full measure of safety, for that is the key to the whole 
matter. Now I think, my Lord, that there are many commercial vesseb, Channel vessels and others, 
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that acaj-cely fulfil that condition. Every ship is stronj^ enough for some work, juat in the same way 
as eveiy engine is strong enough for some power. We can hardly expect that every ship should be 
built to do the same work, any more than we can expect that every crane shall be designed to carry 
the same load. There are such things aa factors of safety widely different aa between ships and cranes 
and the like, and it seems to me that what is wanted is to classify vessels, and let the public and the 
oflScers knowwhatisthesafeworkingcondition of every warship and every vessel ; and when deeds of 
derring-do have to be done, let them understand what are the additional risks that they have to run. 
By all means, let them take those risks, hut let it be understood what they are. 

Admiral the Hon. Sir Edmund FRBitANTLE, G.C.B., C.M.G. (Associate): My Lord, with your 
permission I should like to say a few words, principally because I am in the unusual position of differing 
somewhat from my friend Sir Nathaniel Bowden Smith, and, I am afraid, from Naval officers generally. 
In this instance, with regard to the strength of destroyers— and I will not go at all into the question 
of their construction, which I am not really competent to discuss — I will say this : that my aynipathiea 
are entirely with the constructors of these destroyers, and with the constructors of torpedo boats — 
with Messrs. Thomycroft and Yarrow, and Laird and others, who have built thein so successfully in 
so far aa speed is concerned, and not so much with the Naval officers who have tried them. I 
entirely agree in their value as instructional vessels for our young officers and for our men. I believe 
they are of the greatest value to the Service, and I am particularly struck by what Mr. Bamaby saj-s 
in his paper: — "The problem which was orginally set the destroyer builders was to produce a small 
vessel which would be faster than a torpedo boat and would carry a heavier armament. These were 
the sole conditions imposed. Messrs. Yarrow and Messrs. Thomycroft, who made the first designs, 
naturally worked on the lines of the torpedo boats which we had been building for years. Speaking 
for Messrs. Thomycroft, we had confidence, from our experience with these boats, that if destroyers 
were developed on the same lines, they would be at least as seaworthy as torpedo boats, if not more 
so." Now a great many of us (and certainly I am one) are old enough to recollect when we first 
had torpedo boats. We sent them to sea, in 1885 I think it was, to try them under all conditions, 
the idea of the French especially being that they could keep company with the line-of-battle ships 
in all weathers, and that they would be a very useful adjunct to the fleet at sea. In 1895 they were 
tried imder one of our most distinguished officers. Admiral Sir Geoffrey Hornby, and there is a very 
scathing criticism of their condition at the end of that time by an American officer, Commander 
Bainbridge Hoff, who spoke of them as having the appearance of " famished beasts," and who said that 
they were all knocked to pieces and were absolutely imfit to do ser\'ioe under those conditions. Now 
the same thing, to some extent, has been the cose with the destroyers. We have over-tried tbem. 
They are capable of great exertions, and of going at great speed if carefully nursed. I am aware that 
when I make use of the expression " nursed," a Naval officer would naturally say, " Oh, you want to 
keep them very comfortable and put them in a glass case ! " but I hold very strongly that every vessel, 
like every horse, has its proper work to do, and that if you try it in a way that was not intended 
for it, you will naturally lose the benefit of its services. If you put a racehorse to drag a cart, 
you will very soon find you have no longer got a racehorse, and I really think that is the gist of the 
whole question. I do hope that the Admiralty will not go to the extreme of trjing to make the torpedo- 
boat destroyer (which ia built for extreme speed) capable of keeping the sea in all weathers, liocause 
under those circmnatances, I think we shall probably lose our destroyer altogether, and we shall 
find we have a vessel which is a very inferior soi-t of cruiser. 

Admiral Sir DigbY Mobant, K.CB. (Associate) : My Lord and Gentlemen, I have no experience 
mj-self, but I have a son who is commanding a torpedo-boat destroyer, and who has now been twelve 
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months in command of the Quail. He was in a heavy gale going up from the St. Lawrence to Halifax 
laat autumn, and the cruiser Proserpitw was convoying him. When they got into Halifax they found, 
on comparing notes, that they had made better weather of it than the Proserpine. Last autumn, they 
came down from Halifax to Eennuda in a gale of wind the whole way. They' were also convoyed 
at that time, and I heard from the officer who was in command of the convoying vessel, that they 
were ver^' uncoinfortahle, but that our boat was seaworthy. Shortly after, certain questions were sent 
out, and amongst them was whether my son wished to remain in the destroyer, and in his letter to 
me he wrote, " Of course, I said : Ceitainly, yes ! " I thought I would just communicate this little 
piece of experience as a proof that late events have not caused any want of confidence in the seawoiihi- 
nesa of the destroyers. 

Rear-Admii'al W. H. Henderson (Associate) : My Lord and Gentlemen, I only wish to say two 
words : one is to concur cordially with the remarks of Sir Edmund Fremantle, and the other is to note 
that our naval history shows that we have always had " flotilla craft," that is, small craft with smooth- 
water speed, but sea-keeping limitations. In introducing the powerful and fast flotilla craft which 
we call destroyers, we have not, I think, in the Service, thoroughly appreciated their limitations. I 
believe that with some minor structural improvements they ore capable, under judicious management, 
of keeping the sea in heavy weather. I know that two destroyers in China, one, 1 thuik, the Faiiw, 
and the other the Taku, which had been taken from the Chinese and had been originally built in 
Germany, were caught outside Hong Kong in that very heavy typhoon which did so much damage 
there a year or more ago. They were nearly at the end of their coal supply, and were on a lee shore, 
but they managed to claw off the coast. Their chief difficulty was due to leakage at the bows, 
caused by the hea\T plunging. This leakage was so great, that it was as much as they could do to 
keep it under. 

Mr. Sydney Babnaby (Member of Council) : My Lord and Gentlemen, I am very gratified indeed at 
the discussion which this paper has called forth, and especially by the views which have been expressed by 
90 many Naval officers. I think all — yes, all — have expressed opinions that may be considered as quite 
re-assuring from the point of view of the safetj- of these veaseb ; in fact, it is only Admiral Sir Nathaniel 
Bowden Smith who thinks that they are not quite strong enough for the work which they should be 
able to perform, although be does not say, and probably does not think, tliat they are too weak for the 
work which they were originall}' intended to do. I quite agree with what Mr. Yarrow has said, that 
the boats which are well and carefully built, are now strong enough to stand any weather to which they 
may be subjected, because this very bad weather does not last long. You heard the statement as to the 
extraordinary number of changes of stress which these riveted girders will stand under a verj' heavy 
load, and to get a million variations of stress in a seaway would mean a very prolonged storm indeed. 
But if they are to !» forced through a heaiy sea at high speed, you can see inmiediately, by looking at 
the manner in which this destroyer (see Plate A) is now plunging lier head into a very large wave, 
that the straining upon the fore part of the ship is very severe, and no doubt accounts for the leakage 
of the plates which is found there when the vessels are pressed at high speed through such weather. 
If they can be eased down, I think that leakage need not necessarily occur at all. As to collisions, of 
courae, it becomes a very difficult thing to do more than by water-tight subdivision to enable vessels to 
stand a collision — even a slight one. I think that point ought hardly to be considered in connection with 
a destroyer. Dr. Elgar has very properly said that he thinks the bottom plating is more severely stressed 
than the deck plating. I am quite of that opinion. So far as the calculated stresses go, they are, as a rule, 
severer upon the keel than they are upon the deck, but the deck is so much less calculated to stand the 
WMnpressive strains, as he has said, that it is the deck to which attention requires specially to be directed. 
As to the question of the factor of safety which Mr. Hamilton has mentioned, if you are going to legislate 
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for bad workmanship you want a high factor of safety. If you are goiug to make up your mind to build 
the boats with the most perfect workmanship that can be put into them, then you can do with a veiy 
much lower factor of safety than would be otherwise necessary. As to the question of speed, that ver)' 
distinguished torpedo-boat builder. Monsieur Normand, has lately produced two torpedo-boats which 
have given a speed on trial of thirty-one and a half knots. That is a very remarkable performance, and 
if destroyers are deliberately over-weighted to give them that amount of security at sea which some 
people would desire, I think all prospect of being able to catch high-speed torpedo boats of that sort must 
be given up, and then what is the destroyer to do — what is to be her function ? 

The Pbssident (the R^ht Hon. the Earl of Glasgow, G.C.M.G.): Gentlemen, I thmk you will 
all agree with me that we have had a most interesting and fascinating paper from Mr. Bamaby, and 
considering the interest which is at present being manifested in this class of vessel, I am glad his pa]>er 
boa been the first upon our list, and I ask j'ou to join with me in giving Mr. Bamaby a hearty vott' of 
thanks. 

The following written contribution has been received from Mr. C. Huuphbey Wingfield (MemberJ :— 
" The important subject of the adequacy of the destroyers in His Majesty's Fleet to fulfil the purpose of 
their existence, and to withstand rough weather without undue structural stresses being experienced, 
ia one which has of late somewhat exercised the public mind, and it is very satisfactory to find that an 
acknowledged expert like Mr. Bamaby, who is so thoroughly conversant with the subject, is able to assure 
us that, in competent hands, there is no reason why these vessels should not l)e so designed as to l:)e 
capable of living through as bad weather as a torisedo-ljoat. Of course, the calculation of stresses in a 
vessel ia at best only an approximation, and has to lie combined with a " factor of common sense." This 
correction can only be made as the result of special e.'ii)erience, as hideed the author points out, the lack 
of which cannot be compensated for, when designing guch craft aa destroyers, by a knowledge of current 
practice in the design of lar^r vessels. The information given by the author is of greater value on 
this account, and he rightly urges the importance of keeping the deck of such a form as to avoid buckling 
sti-esses. He prefers makmg it straight, and points out that the greatest care b necessaiy in levelling 
the plates in order to avoid local strains. It has often struck me that the curvature purposely 
introduced in the hull plates between the frames in order to follow the curves of a ship model, is ao much 
greater than the small buckles referred to in the paper, as to materially reduce the power of some of theae 
plates to resist end compression or tension : for they would deform aidewaj-s with a smaller endwise 
stress than the atraighter plates near the keel or on the deck. If so, I think these latter plates will not 
be relieved to the same extent as would be mdicatod by the " equivalent beam " method of calculation, 
and it is just here that the special experience possessed by Mr. Bamaby enables him to compensate so 
successfully for what I suggest might — with thui plates — be a very mbleading method of ascertaining 
the stresses. Of course, if this is so, the nominal stresses will require a good deal of correction before 
the questions put by the author on page 6 can be definitely answered. His suggestion that depth is of 
great unportance appears to confirm what I have said as to the difficulty of estimating how much of the 
total bending momenta is taken by the curved plates which form so great a projrortion of the structure. 
When put far apart, and kept from buckling in the way suggested by the author, the comparati^■ely 
straight plates of the deck and lower part of the vessel are in a favourable condition to take, if necessarj*, 
a larger share of the total stress than would be indicated by the usual methods of calculation." 

The following ia the reply by Mr. S. W. Bahnaby : — Mr. Wingfield is no doubt correct in stating 
that all the platea of a ship'a hull are not equally well situated to resist the stresses to which they ai-e 
assumed to be exposed. This is one among many reasons why the results obtained by the equivalent 
girder method of calculation are only useful for comparing the strength of one vessel with another not 
very dissimilar in form, and which has successfullv stood the test of service. 
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ON THE STRESSES IN A SHIP'S BOTTOM PLATING DUE TO 
WATER PRESSURE. 

Bj MouB. IvAH G. BooBKorr, Naval Architect, I.B.N., Member. 

[Read at the Spring Meetings of the Forty-third SeBBion of the Institution of Naval Architecta, 
March 19, 1902 ; the Right Hon. the Earl of Glasgow, G.C.M.G., LL.D., President, in the Chair.] 



I DO not know of any question in the theory of elasticity which should interest the 
naval architect to the same extent as that of the flexion of thin plating. Indeed, the 
whole ship, from keel to upper deck, consists of plates, which are to fulfil the most 
varied purposes and to withstand all kinds of stresses. Owing to this, naval 
architects cannot be satisfied with approximate and rough practical formulae, which 
may be regarded as sufficient by engineers of other branches of the engineering 
profession, and they are bound to examine and solve this question in detail. The 
series of communications read before this Institution, by such authorities as Professor 
G. H. Bryan,^ Dr. F. Elgar,t Mr. T. C. Read,: Mr. J. A. Yate8,§ and others, shows 
how pressing is the demand for the solution of this question, and this circumstance 
encourages me to submit my attempt to generalise some of the results already obtained. 

§ 1. — The outer and inner bottom plating and the bulkhead plates of a ship 
present, in the majority of cases, a series of perfectly flat plates fixed to a rectangular 
network and subjected to water pressure, which may be considered uniform for each 
separate rectangular plate. Under this pressure the particular plate bends, and the 
chief problem for the naval architect consists in establishing the connection between 
the size of the plate, the amount of pressure, and the stresses which are caused by it. 

This question, notwithstanding its apparent simplicity, has not been hitherto 
solved by the theory of elasticity under the conditions which correspond to its practicaj 

" On the Theory of Ttiin Plating. Transactions of the Institntion of Naval Architects, 1894. 

t Some ConsiderationB relating to the Strength of BnlbheadB. Idem., 1893. 

t On the Strength of Bulkheads. Idem., 1886. 

5 The Internal Stresses In Steel Plating due to Water PresBure. Idem., 1891. 
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realisation; in the practice of naval architecture, it is as yet only solved by the 
application of a roughly empirical method of comparison, and for the Mercantile 
Marine by the use of different rules devised by Lloyd's and the Bureau Veritas, 
without any theoretical explanation of these rules. 

All the attempts that I know of to solve this question theoretically treat the 
plate as possessing either absolute stiflfness or absolute flexibihty. In the first case, 
its breaking takes place at a considerably greater load than that determined by theory ; 
the formulte which are deduced on the second assumption are better confirmed by 
experience, but the incorrectness of this hypothesis itself is obvious. 

I shall not ascribe to the plate properties which it evidently does not possess 
(i.e., absolute atif&iess or absolute flexibility) ; therefore, the results which are thus 
obtained will, perhaps, be considered as more trustworthy than those previously 
obtained. Although I am unable to offer a perfectly exact solution, giving a 
strictly definite result, I will try — 

(1) To establish the limits within which the tension on a fiat plate, of given 
dimensions, loaded with a certain pressure, is included ; 

(2) To apply the deductions so obtained to the constructions used in the 
Mercantile Marine and in ships of war. 

These results I have the honour to submit to the judgment of this Institution. 

§ 2. — A plate fixed on its boundary resists external pressure partly by its 
stif&iess, partly by its stretching. There is a marked difference between the laws 
of fiexion of a stiff beam and the resistance of a perfectly flexible but elastic chain. 
We shall establish in the first instance these two limiting cases. 

Let us consider a horizontal steel beam, of a uniform section, supported at both 
ends, the span being twenty to forty times the depth of the beam. If this beam is 
loaded with a weight uniformly distributed over its length, and we measme the strain, 
or the deflection, produced at any point of the beam, we shall observe that, until the 
load has reached a certain limit, the deflections vary proportionally to the load ; and, 
as it is proved in the elementary theory of elasticity, the stress at every point varies in 
the same ratio. On a further increase of the load, the deflection begins to vary more 
quickly than the load, and in the case of all sound constructions, such as bridges or 
buildings, this limit of strain is never attained ; but the stress at each point of the 
beam varies almost proportionally to the load, imtil the beam breaks at its weakest 
part. 

Thus, if the breaking takes place under a load of, say, 6 tons, the ultimate tensile 
strength for the material of the beam being 30 tons per square inch, we may assert 
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that under a load of 1 ton the greatest tension will not exceed 5 tons per square inch, 
and the heam will sustain such a load without inju^ during an indefinitely long period 
of time.^ 

§ 3. — Let us now take a flezihle chain consisting of an extremely laige 
number of links ; and, to simplify the reasoning, let us suppose that its weight is 
insignificantly small, so that this chain can be extended horizontally between two 
absolutely fixed points, i.e., which cannot approach one another, whatever forces may 
act on them. If we now load the chain and, progressively increasing the vertical load, 
we observe the deflections, it will appear that there no longer exists the former direct 
relation between the load and the strain, but that the deflection varies as the cube root 
of the load ; thus, on increasing the load eight times, the deflection will increase only 
twice. It is shown in statics that the tension of the material of a chain increases 
proportionally to the two-thirds power of the load, i.e., if the load be increased eight 
times, the tension increases four times. 

This relation between the deflections and the load will hold good so long as 
Hook's law for the material of the chain holds good ; on a further increase of the load 
the deflections will increase more rapidly than before, and the tensions more slowly; 
these departures from uniformity are very considerable, so that the formulte deduced 
for an absolutely elastic material cannot give either the magnitude of the deflection 
obtained or the tension just before the breaking of the chain. 

§ 4. — In the Appendix are given two formnlss which determine the stresses in 
the chain corresponding to the diflerent loads, if the material be regarded as 
absolutely elastic (formula 3a) and for real material (formula 5). 

In Table A (see next page) the tensions ^ of a chain, whose sectional area is one 
square inch, and span 2 a = 100 in., corresponding to the various loads P, are 
shown (see Plate I. Fig. 1). 

This example shows clearly what a great difference exists between the results 
given by the usual formulee (3a) and (4) and the formul® (5) and (6) ; the following 
statements are important : — 

(1) When a horizontally stretched chain is loaded — the strains and stresses 
produced in it are not proportional to the load, but they increase more slowly than the 
load; the connection between these three quantities is defined by the two simple 
relations of statics (formulae (3a) and (4) ). 

(2) When the tension of the chain has exceeded the Hmit of proportionality, the 
deflections increase more quickly and the tensions more slowly than is given by the 
preceding formula. 
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Thus, to the case of a Btretched and loaded chain, our usual engineering criterion — 
the factor of safety- — ia perfectly ina^licable. If a load of 6 tons breaks our chain, 
the tension under a load of one ton wiU not be six times less than the ultimate tensile 

TABLE A- 
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strength, but only If times; thus it considerably passes the limit of elasticity, 
and by repeated or indefinitely oontiuued application of loads of one ton we may break 
our chain, supporting under ordinary conditions as much as 6 tons. 

This circumstance presents a rare exception in engineering practice, and, in 
examining it, it is necessary to abandon the customary point of view, in order not to 
be misled. 

§ 5. — ^Let us now return to the question of the flexion of thin plates supported at 
the edges by a rectangular frame. 

If the plate rests freely on the fruoae and is not fastened to it, or if the frame is so 
weak that it may give way with the bending of the plate, the plate bends like a stiff 

* The modaloB of elasticity being eqnal to 33,000,000 Ibe. per square inch. 

t The elongations relate to a Bpecimen of Bteel whioh has heen actually tested at Watertown 
Arsenal. See Report of the Tests of Metals for Indnstrial Purposes. Washington, 1896, p. 153, Mo. 5,334. 
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beam, and there exists a direct proportion between the load and the tension at each 
point, almost np to the breakiog of the plate, the deflections being supposed small 
when compared with the length and breadth of the plate. This case is the most 
disadvantageons and is hardly to be met with in shipbuilding practice. 

If, however, the plate is firmly riyeted to the frame, and the latter is so stiff as 
not to give way with the bending of the plate, we obtain the most interesting and 
practically important case of flexion. In this case the plate presents something inter- 
mediate between the limiting cases considered above of the stiff beam and the flexible 
chain, and, so long as the tensions are small, it very closely resembles the stiff beam ; 
on increasing the load, the plate loses the property of bending like a beam, and the 
chief part of the resistance of the plate becomes due to its extension, like the case of 
the chain considered above. 

It is the ratio of the least dimension of the plate to its thickness which 
determines whether the flrst or the second case gives a closer approximation ; thus, when 
this ratio is 20 or less (for Siemens- Martin's steel) we have the first case, and when this 
ratio approaches 1,000, we have the case of the chain; for plates of medium thickness 
(when the said ratio varies from 60 to 200) their flexion is markedly different from both 
tho extreme cases, as appears from Table B (see next page), which is calculated for a plate 
of Martin steel, the edges being so fastened to the supporting frame that they cannot 
shift horizontally, but the edge elements of the plate are free to incline. The 
thickness of the plate i= % in., the breadth 2 a = ^ in., and its length is supposed 
very large. (See the formulae Tb, 8b, and 9a, in the Appendix and Plate I. Fig. 2.) 

This Table shows clearly how erroneous are the results given by both hypotheses 
(for example, 71 and 7*42 tons per square inch instead of 13'29 tons). 

For pressures above 32 fb. of water column, the limit of elasticity is passed, the 
formula (9a) is no longer applicable; and it gives tensions which, as in the case of the 
chain, are greater than the true ones. 

§ 6.— In the cellular-bottom construction, the plating may be considered as 
consisting of rectangular parts of plates, which are not simply supported on the edges, 
bnt clamped or built in, because the elements of the plate riveted to the frames are 
constrained to retain their original direction. In this case, we can observe the following 
curious circumstance : — 

The greatest tension is here obtained, not in the middle of the plate, but at 
the edges, exactly as in a beam with fixed ends, which breaks under a uniform load 
at the ends, and not in the middle. Thus, under a load for which the tension at the 
edges approaches to the hmit of elasticity, the tension at the middle of the plate, 
being almost one-half of the greatest, will be still far from it. On the load being 
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increaaed, the tension at the edges will pass the limit of elasticity, and the material 
will approach the yielding point, i.e., when the constant load causes an increasing 
elongation of the metal. Then all the boundary sections of the plate which hitherto 
retained their direction begin to incline, and thus the plate passes gradually to 
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the condition of a supported one, instead of a built-in one, as it was before. The 
tension in the sections which have given way immediately decreases, and the greatest 
tension passes to the middle of the plate. 

After the removal of the load the plate will no longer return to its original position, 
and the permanent set in it at the edges will remain for ever. If the load be applied 
from the opposite side the plate changes its curvature for the opposite one, and at the 
same time a characteristic sound is heard, as may be observed when stepping on a thin 
warped plate. 

As stated above, for a further increase of the load in the original direction, we 
shall have the flexion of the plate approaching to the case of a supported one, and we 
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may calculate the greatest tension at the middle point of the plate by the corresponding 
formulie, mitil this tension exceeds the limit of elasticity. On the load being still 
fortfaer increased, the tension thus calculated will be greater than the true one, and 
the plate before breaking will sustain a considerably greater pressure than that which 
would be given by these formulae ; the fracture always takes place near the middle of 
the plate. 

§ 7. — For the rectangular plate built in on the boundary, even if it is regarded 
as absolutely stiff, the finding of the conditions of the flexion requires the integration 
of a partial differential equation of the fourth order, which has not yet been performed.* 
The investigation of the case of a real ptate is, of course, yet more complicated, and 
I am compelled to assume the following postulate. 

If we have four plates of the same thickness, having the following form of 
boundaries : — 

(1) A rectangle with one side 2 a, the other being very long ; 

(2) A rectangle with one side 2 a, the other 2b (b > a); 

(3) An ellipse with the axes 2 a and 2 6 (6 > a) ; 

(4) A circle with the diameter 2 a ; 

all subjected to the same pressure, the corresponding stresses and strains in the first 
plate are greater than in second, in the second greater than in the third, and in the 
fourth they are the least. (See Plate I. Fig. 3.) 

This postulate is justified for all the cases of flexion of thin plates already 
solved in the theory of elasticity ; therefore, its extension to questions not yet theoreti- 
cally solved will not be too hazardous a step. At any rate, this postulate admits of an 
easily realised experimental verification. (See Plate I. Fig. 4.) 

This postulate being admitted, we may seek the limits of tension in a rectangular 
plate. By our formula, given in the Appendix, we can obtain the limiting value 
of the pressure which produces a permanent set of the plate and deprives it of its 
original elasticity, but the exact value of the breaking pressure cannot be calculated. 
In Table C (see next page) a limiting value of pressure admitted for all practical 
purposes is given ; the formulse which serve for the calculation of the Table and the 
assumptions used are explained in the Appendix. The greatest tension, c,,,^, is 
supposed to be 7| tons per square inch (1,200 kilog. per square cm.). 

* Professor Koyalovich (of St. Petersbnt^ UiiiTenity) hae integratecl this equation hj means of 
Fourier's Series, whose convergency leaves mnoh to be desired for practical calcntatioo. 
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Aooording to our postulate, the limiting pressure for a rectangular plate, whose 
breadth is 2 a and length is 4 a or more, is oontained between the figures given in the 
second and third colunms of this Table ; these values are not very difierent from 
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one another, the maximum di£ferenoe being only 20 to 23 per cent., and for the riveted 
plates, neglecting the weakening of the section by the rivet holes (which gives 12 to 22 per 
cent.), we may adopt the first limit for all rectangular plates, in which the ratio of the 
length to the breadth is 2 or more.* 

• Dr. F. Graahof (" Theorie der Elaaticitat and Festigkeit," Berlin, 1878, p. 369) gives, for a stiff 
rectangnlar plate with sides 2 a andS b (b > a) and thickneas t, the formala. 



(t™.. - 2p 



•(?)' 



where «^i_ is the maximum tenaion,^ the presaure on unit of area. If we aasnme here b = x and 
b = Za, the teoaion v^,. in these two cases will differ by only 6 per cent. The troth of this formula 
iB donbtfnl, and I quote it not ae a proof, but by way of reference. 
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§ 8. — Thus, with a thickness of the outer shell plating of a large battleship where 
t = i^in., and with a space between the transversal frames 2a = 48 in., the admissible 
pressure is approximately equal to 24 ft. of salt water, and is almost independent of the 
space between the longitudinal frames, if this space is 8 ft. or more. Therefore, in 
still water, the draught of the ship being 25 ft. to 26 ft., the pressure approaches to the 
limiting one, whilst the maximum tension amounts to about 8 tons per square inch. For 
smaller ships, the shell plating of which has a thickness of ^ in. to ^§ in., the space 
between the transverse frames being the same, and the draught of water 20 ft. to 25 ft., 
the tension exceeds the above limit, and attains, in some cases, 10 tons to 12 tons per 
square inch and more. 

The inner bottom plates of all ships have a thickness of ^ in. to /^ in., with the 
same frame spaces, and the admissible pressure is from 4 ft. to 6 ft. of water oolumn; 
bat, as by some requirements they are tested by a pressure of nearly 20 ft. to 25 ft., a 
permanent set of these plates at the frames is, of course, inevitable, and every engineer 
who has examined the inner bottom plates, after a trial by the pressure of such a 
height of water column, knows this. The tension exceeds the limit of elasticity, and 
attains 12 tons to 15 tons per square inch and more. 

For the mercantile marine, Lloyd's rules require very small spaces between the 
girders, and also intermediate transverse frames. This requirement decreases the 
tension on the plating by about twice or three times. 

§ 9. — In calculating the tension of the bottom and deck plating, produced by the 
bending moments due to inequalities of weight and buoyancy, it is assumed that all the 
longitudinal plates take a whole part in the resistance of the ship considered as a solid 
beam, a maximum stress of 4 tons to 5 tons, or even 6 tons per square inch being 
usually admitted. It must, however, be remembered that to this stress must be 
added the preliminary one, proceeding from the pressure of the water. Thus the total 
stress of the bottom plating may be much nearer to 12 tons or 15 tons per square inch 
than the required 5 tons. 

Such a stress is scarcely desirable, if we bear iu mind that one-half of the stress in 
a pitching ship is a rapidly varying one, not only in magnitude but also in direction 
(tension and compression alternately). In civil engineering constructions, such an 
intensity of tress is never allowed. 

If we wish to reduce these values, it ought to be remarked that, the stresses caused 
by pitching being inevitable, it is possible to reduce only those which are due to 
the hydrostatic pressure. Accordingly, I venture to propose a practical solution of 
the following problem : — 



y Google 



24 ON THE STBE8SE8 IN A SHIP'S BOTTOM PLATING 

To constmot the hull of a ship so that the tenBion on the inner bottom plates, 
when exposed to the pressure of the test oolumn of water,* should not exceed the 
practical admitted limits, and that the tension on the outer shell plating due to the 
same hydrostatic pressure of water should be as small as desired. 

It is evident from our formulse that, in order to diminish the tension in the 
plating without increasing its thickness, it is necessary either to reduce the span 
between the transverse or longitudinal firames, or to increase the stiffiiess of the plates, 
by riveting to them some additional ribs. A reduction of the span would make the 
cellular-bottom system unrealisable, it is the second method therefore which remains. 
In order to preserve the total weight of ribbed plating the same as before, the thickness 
of the plates is to be duly reduced and the ribs may be placed longitudinally and 
made continuous, even under all the transverse frames, except the watertight ones. 

Fig. 6 (Plate II.) shows a scheme of such a system of construction. 

§ 10. — The floors in this system may be either lightened by cutting holes, 
or constructed upon the bracket system, but the outer angle-bars and the reverse 
frames must be made continuous. This considerably simplifies the fitting together 
and the verification of the frames. These angle-bars are bevelled as usual, and on 
the outer and inner flanges of the frames additional longitudinal ribs are laid 
continuously ; to these ribs the plates of the outside and inner bottom plating are 
riveted. In order to fasten the transverse frames to the plating, short unbevelled 
pieces of the same section as the ribs are riveted to the angle-bars of the frames. 

The additional ribs are to be calculated by the ordinary formula — 

where W is the moment of resistance of the profile, 2 a and 2 h are the spaces 
between the ribs and the transverse frames respectively, p the water pressure, and v the 
admitted tension. This formula relates to a beam with two fixed ends loaded 
uniformly, the load being the pressure of water on the corresponding strip of plate. 
The thickness t of the plating is to be calculated by the formula 



'^'s/^-K-iyj- (=») 



where H is the height of water column in feet, and <r is the tension in tons per 
square inch. This formula is explained in the Appendix. 

* The height of this colamn being equal to the draught of the Teesel, or more. 
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111 the ordinary system tide longitudinal frames, besideis tUeir immediate destina- 
tion — the conneotiou of the transverse frames — ^have a great importance in another 
respect. We have shown in the Appendix how greatly the tension in a plate sahjected 
to the pressm:^ of water is diminished by reason of the stays between the supports ; 
it is therefore very important to prevent any bringing nearer together of the trans- 
verse frames and any tendency of the ship to hog, which would arise therefrom ; but 
when the plating is sufficiently stiff by itself and the bending from the water pressure 
is insignificant, there is no need for continuous longitudinal frames, suf&oient mutual 
connection of the transverse frames being obtained by means of longitudinal bulkheads, 
the vertical keel plate, the watertight continuous stringer, and the intercostal longitudinal 
stringers. These latter may even be replaced, by diagonal stays riveted to the ribs in 
such a manner that in places where a great weight is concentrated on several frames 
(for example, the side turrets) these stays may be fitted closer. 

As to the weight of the ribbed plating proposed, it does not exceed that of the usual 
system,* the space between the added ribs being sufQoiently small. The following 
Table D gives the resulting weights, the space between the transversa firames being 
supposed to be 4 ft. 

TABLE D. 
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* He itUbMH ol Z-ban It InoMued by atont 3S pes oent, dM to the riTM«d plMc, 

The maximum tension proceeding from the pressure of a water column 26 ft. in 
height is 2J tons per square inch for the outer shell plating, and 7 J tons per square inch 
for the inner bottom plating. It must be remarked that here the tension in the shell 
plating is directed across the ship, and is to be combined with the longitudinal tension, 
not by simple addition, but by the parallelogram law ; thus, if the longitudinal 

* The weight of both phitings with longitudinal strlngerB (girdere) for ft big ship oonBtracted apon 
the usual Bjstem is about 45 lbs. to 50 lbs. per square foot and more. 
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26 ON THE STRESSES IN A SHIP'S BOTTOM PLATING 

tension arising from pitching is 5 tona per square inch, the maximum tension will be 

Y 5* + (2i)*, or close upon 5'6 tons per square inch, and not 7i tons per square inch. 

§ 11. — The plating . in the proposed system (including the. additional riln) is 
considerably stronger 'than usual, because their fiexural rigidity (for bending) increases 
in the ratio of the height of tlie strenglhehihg ribs to the thickness of the plate8-(i.e., 
7 to 10 times). Such an increase of strength is important when the ship comes in 
contact with the ground in shallow places. 

The thickness of the plates themselves is reduced almost to one half, but I do not 
think that such a reduction could call forth serious objections, because there does not 
exist a law £hat big ships should have thicker plating, if this is not required by the 
cohditioDS of strength. There have been small ships with thin plating, doing excellent 
service for dozens of years, being carefully preserved'from corrosion below the water line. 
Moreover, the rustiug of plates, when they are thin, does not produce a worse effect 
by increasiug the tension, as in the case of thick ones ; thus, for example, if in a 
^ in. plate, /j in. be destroyed by rust, the tension, will increase in the ratio of .(f|)*, 
that is, it will be 9*1, instead of 7 tons per square inch ; in a thin /^ in. plate, on the other 
hand, subjected to a tension of only 2J tons per square inch, the reduction of the thickness 
by 5% in. will bringthe tension to 2J x (^f, or 4-4 tons per square inch. I do not think 
the latter can be considered worse than the former. 

In the existing system, in places where the transverse and longitudinal frames are 
secured, there is formed a very rigid connection between the bottoms, which deprives 
the inner bottom of any importance, because even by a slight blow against a rock both 
bottoms are then broken through together. In the proposed system, where the 
longitudinal frames are replaced by diagonal stays, the transverse frames are only 
strong enough to withstand all the forces acting upon the ship under the ordinary 
conditions of her service, and thus these frames may be broken by the blow, whilst the 
inner bottom will still remain intact. 



In describing. this system of construction, I do not consider it exempt from many 
imperfections, and I wish only to show one of the practically possible solutions of the 
problem Stated above, without any increase of weight or difficulty of work. A perfect 
system of ponstriiction can only be elaborated by the united efforts of many practical 
sh^builders during jts actual carrying out. 
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The elementary theory of tbin plates solves the question of their flexion with the following 
assumptioDS : — 

(1) The middle surface is unextended. 

(2) The line elements of the plate initially normal ^to the middle surface remain straight and 
normal to this surface after strain. 

(3) There is no normal traction across 'the planee pamllel to the middle surface. 
I wilt attempt to do without the first assumption. 



I.— The Rbctanqulab Plate. 

Let us take a thin plate having a thickness t, loaded with a uniform normal pressure p on a unit 
of its area ; let its boundary be a rectangle, one side of which is equal to 2 a, and the other very great 
in comparison with the first. Then_the middle part of this plate, being sufi&ciently removed from its 
short side, will, after flexion, present the- surface of a cylinder, and, if we separate a narrow strip by 
two planes perpendicular to the faces of the plate, and parallel to the short sides of the rectangle, the 
conditions of its flexion will be. just the same as for the strips bounding it on both, sides.' We will at 
first regard its flexion independently of the remaining part of the plate, and let us take the breadth 
of this strip equal to a unit of leng^. 

If the two long aides of the rectangle are placed under such conditions that there are certain 
obstacles to their approaching one another, the reaction at each point of the boundary will be directed 
not parallel to the external pressures acting upon the plate, but at an angle to them, the direction of 
reaction being inclined outwards from the middle of the plate. We will resolve it into two compo- 
nents, one parallel to the external pressure, equal to — p a (the breadth of the strip being equal to 
unity); the otiier perpendicular to thelong side of the plate, equal to q t, where q is the unknown 
tension on a unit of area of the transverse section , of the atrip, assuined to be uniformly distributed 
over this section. 

Directing the x axis perpendicular to the long side of the plate in the middle surface, and the y 
axis coinciding to the reaction p a, we will denote by — 

M, the bending moment in the section whose abscissa is :c ,■ 

^, the angle of inclination of this section after flexion, reckoned from the initial direcUoD of 
the section considered ; 

Mg and ^ the same quantities for the section passing through the origin of co-ordinates; 

I, the moment of inertia, and F, the area of the eross-Bection of the strip ; 

E, the modulus of elasticity (Young's modulus} ; the quantities M, M„ I, and F referring to a strip 
of unit breadth. 
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Then, obserriog that the defleetions y at each pomt are extremely amalt compared with the spoo 
2 a, we have— 



3i~ 



tan ^ =* f nearly, 



then, differantiating our equation in regard to s, we obtain — 

and consequently, calling, for simplicity, 

qFa* . 

we find— 

♦ = A Ch »?•. J + B Sh v-t. I + ^ (a - 1), 
where — 

Ch ft = ^ + ""*, Sh * = '^ "T '~\ 

while A and B are arbitrary constants, determined from the conditions — 

\rfaiA_o EI~" a ~EI« 

(f\ =0= ACh/u + BSh Vti. 

or, making the neoeasary sufastitutions — 

M.»+pJ 8''v'"(l-s) „(a-^x 
' jTo v'uUht'tt ■■ }F 

and 

_ M, «+ ;i g* 3h •u pa 
^ ~ jFo Oh Vu^jJ' 



w 



(1) 

(lA) 



The unknown quantity q entering into this expreaaion will be determined aoooiding to the 
displacement of the supports along the z axis ; calling the dbplacemeut along this axis of a point 
whose alacissa is z, 2 x, the displacement of the support, £ zw we bare — 

^=(i+Dc<.,-i=-i,.+|. 

dtsearding higher powerg of f. 

Observing that from svmraetry 

(»»)„ = 0, 



y Google 



DUB 10 WATER PBESSUBE. 29 

and integrating tlw preceding expreasion witliin the limits and a, we find— 



TO . p'a* ■ /Mq u +pa'Y i Th y/w 1 1 

E ■*■ 6 J' F" "•■ V JF^O / I4u Vt«~uC2^h~7«?f 

_pa fli„u + pa' \ y/ u - Th /u ,„ 



q¥\ gF 



•V 



The equations (1a) and (2) completely solve the question of the flexion of our strip, if the mode 
of aeouriufi; its ends to the support is indicated. GSeometrically, this mode of securing is expressed 
by the qiiantitiea <h and £ a;, ; frooi the point of vieW of statics — by the quantities M^ and q ; when two 
of these quantities are given, the two remaining can be determined by these equations. 

Let us ezamme certain limiting cases : — 

(Ij Absolutely Stiff Plate. 

? = 0. 

If the horizontal re-action q = 0, ix., the supports may approach when the plate is bent, and 
in virtue of the relation (a), the " argument " « is also equal to zero ; therefore, in order to avoid 
the indetermination, we must expand in the equation (1) the exponential functions — 



Sh VmII- -landChv'w 



in series, proceeding in asoending powers of u, and then we shall obtain— 
* = %'kf {i* C2o* + 2a^ - J^) - 6 Mo } 
Assuming in this expression ]kl^ = 0, we have 

but if we assume that M„^ - o~ , which correspond to ^^ = 0, we shall iind — 

"" The last two formulsa completely coincide with the corresponding formulae for the flexion of stiff 
beams ; the first corresponds to the case of supported ends, and the second to that of fixed ends. 

The displacement of the supports ^ a^, may be found by the equation (2), but it is of little interest 
to us. 
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(2) Abbolltelt Flexible Plate. 
u = so . ? «„ = 0. 
Let ua suppose— J ' ' : . 

* ?Z^'- 

EI ~ * ' 

as DO factor of the aumerator can be mfinite, the equation written ia only pcaaible wbea 

1=0, 
i^., wben oui' plate is absolutely flexible, and consequently the beudii^ moment U in every section 
of it will be zero ; assummg in tbe equation (2) Mq = and u = co , we obtain — 



and consequently for tbe plate, where F v t — 



The equation (1), after a similar sul»titutioD and integration between and x, will 

i This equation represents -a parabola of the seooufl o^er ; the pressure of the water on the plate 
is always normal to. its surface, and the .con-psponding. catenary must be an arc of a circle; the 
parabola is obtained instead of the cirole, because we have considered a vertical pressure instead of 
a normal, but the difference betweep.the arc of the circle and the obtained arc of the parabola is 
insignificantly anall, and, within practical limits, has no>'influence on the results. 

It is easy to show that these equations coincide with the' ordinary equations of a catenary, . . < , , 

■i - "b^x^) = "■■/, 

where (is is an element of arc, if. we assume, observing that the height of the catenary is extremely 
small compared with it8 span, 

ds = dx, 

and determine the tension q from the equation, analogous to equation (2) — 

E— a^ \dx) '^''- 

The following observation is also of interest; it is not difficult to see that our catenary is 
extremely near to a circle with a radius — 
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which gives — 

;.'. ■. ■ -■ 'f- ; 

This is Baiikine'9 iormula for thin cylindrical sheila subjected to internal pressure. 

We have deduced all these formulie on tlie ordinary assumption of the theory of elasticity, i.e., 
the proportionality of the forces o! elasticity and, the deformations caused by them. Availing' 
ourselvea of the fact that in the last case the tensions at all the points of the plate are the sanje,- 
we may solve the'question also without this assumption. And, as the formulee (3) and (4) are statical 
formuUe, the letter E in them must be regarded as the ratio of the tension on a unit of ares q te the 
corresponding relative elongation, which we will call e,! independently of the elastic properties of the 
material. 

liierefore, making the above-mentioned substitution, we shall obtain — 

p = qiA/G. (5) 

The magnitude of the relative elon^tion e may be obtained by testing the material on an 
ordinary testing machine. ' 

Let us also observe that these formulae may be applied as long as the deflection ynuK. is small 
in comparison with the span 2 a, because otherwise the tension q will not be the same throughout the 
whole length of the chain, and then it is necessary to apply to the catenary the more complex 
formube given in text-books on statics. If 

2a V 

the maximum tension g,,, at the ends of the chaui will be appro.\imately 10 per cent, less than q^ in 
the middle. However, for our question, these formula are of no importance, as in the bent plates 
the deflectkma even in case of rapture do not attain such considerable magnitudes. 

(3) Real Plate. -^ 

This case corresponds to the frames which cannot absolutely approach each other, but which at 
the same time allow the long edge elements of the plate te mcline, as on ideal hinges, without friction. 

Then, the equation (2), with the help of the relation (a), will give, after certain transformations — 

":' 

= F,(»). (7 1 



17 IpVa'T^ 630 
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On the first Bide of this equation are the quantities known to us, i.e., those depending upon the 
dimensions of the plate (a, F, I), its material (E), and load (p), while on tiie second side those 
depending only on the " argument " u ; consequently this equation may be used for the determination 
of this last. Unfortunately, the transcendental form of this function Fj (u), doea not allow of a 
general expreaaion being given for u in terms of known quantities ; and, in order td solve ths 
equation for various values of the " argument " u from to 20, the Table following of the values 
of Fj (u) has been calculated. This Table makes it possible by interpolating by second differences 
to find the value of the " argument " u for a given value of F, (u) correct to J per cent. For the 
value of the " argument " u greater than 20, the equation is solved by the usual method of successive 
approximations, assuming the first approximation — 

(Th Vu),^^ = 1, 

The " argujnent " u being known, we find the longitudinal tensions q of the plate from iJie 
relation — 

Integrating now the equation (1) between the limite and x, we obtain the equation of the line 
of elasticity— 

^ | ch^„(l-D-Chv^u , ,(2„_,) }' 
' E I ( ii"Oh Vu ■•■ ia'u ) 



and the m&ximum deflection, correaponding to x — a — 



(S) 



In the same manner we ahall obtain the maximum angle of inclination ^ putting z = — 
and the maximum bending moment at x = a — 



«— *e-Tn3^V 



1 v'«7' 



The last four equations, when u a (stiff plate), and after removing the ambiguitiea of the form 
e — 00 , will give the corresponding equation for a stiff beam with uniform load and supported by the 
two ends. 



* This formula, and also (9a), (11a), and (12a), completely coincide with the formolea given by 
Professor G. H. Bryan (see Transactiona of the I.NA., 1891, pp. 206 and 207), bnt the method of 
calculation of the quantities q and u is not shown there. 
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If we investigate the cose of a thiii plate of a thickness t without the streiigtnening ribs, we inuat 
assume 

F = i and I = ^j iK 

»n(I thus our formaUe are altered as followa : — 

— ^£(f)*' i¥(^-in.cU)hi£,(f)''*-w- <-' 

where the factor ^^ (u) depends only upon the " ai^ument" u given below iu the Table, 
The maximum tension ff™, will be determined by the relation 

or, after substitutions and simplifications. 

The factor ^i (u) is calculated for the same values of u from to 20, and is given in the same 
Table. 

We note that 

9,(0) = 1, and/i(0} = l; 

thus, if in the tonuulsR (8a) and (9) we reject these factoi-s, they will refer to stiff beams. 

The equations (7a), (8a), and (9) determine the innximuni defiection and tension in the case of 
the flexion of a thin plate placed in the conditions alcove stated; the tables of magnitudes 

F.("), ^i(w), and /,(«) 

simplify exti-emely the practical calculations, permitting the question to be solved as ([uickly aa for 
the stiff beam. 

(4) Real Pi-aie. 

^0 = 0, and c Jo = 0, 

This case eoiresponds to an absolutely stiff frame, the plate being clamped or built-in on the 
long edges. The requisite conditions may occur if the plate covers several cells in contact with their 
long si^. 
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The equation (1) when x = gives 



Mo « + 7/ rt» Th \'u 



wlieiicc we shall find Mo, and. 3ul»titutrn 



Fa -/u '^ qV 

equation (2), shall oljtain aa heiore 



Hio (e ) 



P 



"^-S-(!+ 



9 45" 

IT — 71: 



an equation from which we detennine u, if it i8 Ijetween the limits and 6, by means of the tables ; 
if, however, M > 6, by means of the method of consecutive approximations. Knowing this "argument." 
we find q from the relation (a), and then obtain as Ijetore — 



EI «/- 



Without dwelling any longer on the general case of the plat« strengthened by riljs, and passing 
to the plate of a thickness t without strengthening, we shall obtain in an analogous manner — 



S(i;)"(")"=^-'"'- 



(KU) 
(«i) 



(^ Th— '\' 

'-=^;)'i3va5v."«+;!(T^;„-0i-^^(:)^<">- '-> 

The factors ^j («) and f^ (ii) are inaertwl in the Table Ijelow ; while, as liefore— 
$s(0) = l,and/,(0) = l. 

Let ua also remark that in this case a-,™,, is near to the fastened end of the jjlate, and it is not 
difticult to show that, as long aa this tension is less than the limit of elasticity of the material and 
the condition ^,i = holds good, the aljsolute value of the tension at this point is greater than (almost 
twice) its corresponding value at the middle of the plate. The yielding point of the material Ijeing 

jiassed, the circumstances of liending of the plate appittaeh thoae of the prei-ious case. 

Putting in the equations (_7.\) and (10a) k = oc (case of a chain), we may obtain the same 
('(jnation (3a), although they refer to varioiLi cases of the plate with supported and fixed edges. ThU 
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is clear, because for an absolutely flexible plate fliei-e cannot !» different methods of fastening the 
■edges. In the saine way the equations of the elastic line (or deflection) (8a) and (11) will coincide 
with the equation (4), as soon as we put in them u. equal to infinity. 

All our fonnulie are deduced for a strip independent of the remaining parts of the plate, in ordei- 
to show clearly their connection with the ordinary case of beam flexion. If we wish to pass to the 
case of a long plate our differential equation will take the following form — 

where ft is Toisson's ratio ; and putting, for simplicity — 

2|i?a -.■) = «., (A.) 

Ji (1 - ,■) - ;;„ 
we obtain tUe same wjimtioii as before. Thus our principal equations will be modified as follows : — 



11132 
35 



f(0(f)^'-^')- = ^.w^ ('" 



(i.) 



,-3;, (?)'(! -/)/,(»)! C9a) 



The equations (10a), (11), and (12) will be modified likewise. 



m 



II.— The Cihcular I'late. 

I*t us take a thin plate of a thickness (, bordered by a circular contour of radius a, and loaded 
witti a uniform pressm-e on the unit of area p. If the plate is secured to the supporting frame, 
so that it cannot slide on it, and the frame itself is so stifli that it cannot be deformed, the reqption 
of the latter will be dii-ected, not in the direction parallel t« the external pressure acting upon our 
plate, but will be deflected from the centre of the plate. 

Let us denote by q the component of this reaction directed along the radius of the circle imd 
belon(^iug to a unit of area of the section of the plate at the contour. We will take the middle 
jilaiie of the plate for the plane x z, the centre of the circle lying in this plane as the origin of 
co-ordinates, the axes x and z being directed along two rectangular radii, and the y axis perpendiculai- 
to the middle plane. 

The normal tension along the axis of x will be denoted by <r„ and the relative elongation of the 
libre in the same direction by e^; the tensions and elongations along the other axes will be denoted 
by the same letters with the corresponding indices. If further we denote by E the modulus of elasticity 
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(Young's modulus) and by >t Poisaou's ratio, at each j>oiut of the plat«, these quantities will 
connected by the known relations — 

, = ^ .(, + C» - V 






But, as the thickneas of the plate t is assumed to be extremely small in comparison with its 
radius a, the tension <r, will be small as comjiated with the quantities ffr and <t-_. Therefoi* — 



1 - 






(13) 



It is easy to see that, after fiexion, the middle plane of the plate will become a surface of 
revolution ; if we denote by p the radius of curvature of ita meridian, by pi the radius of curvature 
of this surface in a perpendicular direction, and if we distinguish by the index " the tensions and 
strauis for the points of our middle-surface, we have — 

.....'+'-. ., = .,•+'-, 

wliere I is the distance of Bome point of the plate from the middle surface, while evidently 



But, aa the deflections of the plat« are extremely small comiMired with its radius — 



oljserving, further, that — 
we shall obtain finally — 



_1 rf.v. 

T dx' 



• ' l-i.'\dx'^ ^ d.r )• 
El ld,i 1 . d'y\ 






(") 
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Let us HOW consider an elementary volume in our pUte, bounded — 

(1) By t\vo infinitely near surfaces, parallel to the middle surface, and dlntant d I from eauh 
other ; 

(2) By two radial surfaces forming au angle d a ; and 

(3) By two cylindrical surfaces, whose axis coincides with the axis of y, and the radii are x and 
X + d X. 

Then, denoting by r-. the shearing stress on a unit of area of the surface [>erpendicular to the axis 
y, and projected on the axis of x, we shall obtain the following equation of equilibrium for all the 
forces of elasticity acting on our elementary volume — 

ld(x>,;)_c dr, _„ 

:T~jr~ x^ di~^' 

whence, integrating between the limits ± ^ *, and, observing that r: = on the faces of the plate,, 
we find, making the necessary substitution — 

. - ^ f'-JP /d-y , Id'!, 1 dy\ ... 

'•-n^ a [d^^7dx-~^dx) ^^^' 

If we cut out of our plate a disc having a radius x, and reject the rii^ surrounding it, then the 
equality of the projections on the axis y, of the external faces acting on the disc on the one band, 
and of the internal faces acting on the contour of the section on the other hand, will give us the 
following equation — 






= TtO^]). 



After integrating and simpli^'ing, we shall obtain the differential equation of the meridian— 
J» + l J5_(\ + i.)^!' = .x, (16) 



wh«w — 



(l-rt«nii*'-¥l<'-'''l- <"' 



"~irf^ '^' El" 

Thia ia faaily reduced to Bessel's differential equation by putting— 
^K.^and kx.r. 

"•fr'-^'dt-^'-"^*"!-"- *'•*' 

Without writing out the complete integral of this equation, we will take a particular sohitioii 
Bfttisfving tlip condition neceasarj- for us when— 
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ft. 
This solution is — -- <^ 

9= - * v + CJiCi-) (17) 

ivbere Jj (r) is Bessel's function, expitased by the seriea — 

^ ' 7=„1.2.3. . . /.1.2.3 . . . < + l\:jy 

-and iii uu ai'bitrary constant, deiwnding on the conditions of the securing of the jjeiiineter of the 
plates. 

As tiH the sti-ains and stresses were expi-essed by us as deri\'atives of the function \j of diffei'ent 
orders ; all the ciroiunstances of the dexion may be considered found, except tlie stmui y, which, as 
in the previous case of the rectangular plate, will be detennined fittm the conditions of the 
-displiiceinent 8 ic., of the contour of the plate in the dii"ection of the radius — 



■"-\rf''-"i' ■''''''' '^«) 



Havuig thus resohed the question in the general fonn, we may now pass to the particular 
-cases. 

(I) Real Plate. 

This case coii'esponds to the alisolutely stiff fi-ame, where, however, the sections of the plate 
lying on the Iwundaries can freely mcline as if on ideal hinges, so that for each )K)iiit of the ]))ate 
on the circular i^riineter (z = ± a) — 

"^ = 1 
or, by equation (14) — 

-?". + ?s = »."•"'■' = ±»- 

From this condition tlie constant C is determined — 



= 



\dx}... '^ a 
and thug— 



J, (i./-) (19) 



In order to suljstitute this quantity in equation (18), let us expand it into a series of ascending 
powei-s of the "argument" \- x; we shall obtain — 
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where, for brevity's sake, we put — 

lUld 

^ ^ (S • 1 + ,i "*" STai I + /I ■•" « . 24". 48 1 + ^ ^ 
+ V4^ (l.ii.;t . . . i-i)'y i + ^ 

This series is convergent fm- all values of it. Substitutint; thia qimntity in the etiuation (18), wo shnil, 
obtain, after inte(iriitiona and reductions — 

„_lr./' a V l„— T'" "-!»' 2^-^u' «-7 "' "-31 "° . . . 1 

' 2 W(**/ r :! ~ 4 5 ~ 4 . 48 7 ~ 4 . 48 . 24 9 4.4S.24.80 1] i" 



Snlwtituting instead of q, a, and fc, their values from the relation (b), and instead of n ita numerical 
value for Martin st^el (on the average about 03), we shall obtain an equation, one part of which 
contjiins only the "ai^iment" h, and the other the kno^vn quantities, viz.: — 



■iirc^^'-^^ 



= V,(.'). (20) 

In the tables given below, a series of the value of F, (it) is calculated for different values of the- 
■' ai^unient " u fi-om to lO. Having found u. and consequently, from relation (n), q, it is easy to find 
the extensions and strains for every point of the plute. 



The niaxinium strain is obtained at the middle of the plate, and the corresponding ativwi is 
detprinined by the equation — 

= !J?'(")\j-/')(H + ;')./;(") (21) 

The inaxiinuui deflection of the pljite will Ite obtained by integrating the equation (19), and is. 
equal to 
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The fimctiona f^ (u) and ^, (w) are calculated fn)m the same values of tlie " argunieiit " « fi-om 
to 10 ; moreover, 

r,CO) = l, and^3(0) = l. 

It i-emains to show that the series entering into the functions Pj (ti), f^ («), und ^j (ii) are 
conveiyent. The usual method would lead to very axt^nsive numerical computations, aa it is 
neceasarj' to write dowm the general term of the series, expressed in a very comjdex manner. I 
prefer, therefore, to use the following practical reasoning: — 

Let U3 calculate by the equation of the meridian the length I of its arc (from x = to t =s o) for 
the maximmn value of the " argiunent " (it = 10), and, if it coincides with the length found from the 
relation 

'-«(l + ^'), (c, 

then our series are jjractically convergent for the values of the " argument " u less than 10. 
The equation of the meridian is obtained from equation (19a) — 

Let us now calculate several ordinatea y for different values of x, and from them find the 
perimeter inscribed as a Ijroken line, which evidently must he less than the length of the arc. In 
the following table the perimeters U of tliese broken lines, for a different numljer of segments, are 
given. (See Plate II. Fig. 7.) 

^ Number^ | j^„^ j . ^ 

V being equal ID, 

1 + 0-729 ( ^ )' 

1 + 0-867 (_; )• 

i + wooiiX 

The length of the ai-c of meridian {, obtained from relation (c) ia — , 

' - » (i + 1) =-- i 1 + i,V^, (i)- 1 = » (i + ^»i« (0)- 

This last figure is suffiGientty near to the previous one, and a little greater than it ; this shows 
that the geometrical interpretation ascribed to our functions within the limits newssjiry for us is 
sufficiently exact. 

(2) Keal Piate. 

r .r„ = 0. Vio = '^• 

This case coiTesponds to the al)solutely stiff frame, and to a plate built into it so that its sections 
lying on the contour cannot become inclined. 
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DUE TO WATER PBB8BUEB. 
Tbe coosblut C of the equation (17) will be determined by the condition— 

♦.-0= -^» + CJ,(«), 
imd consequently the equution (17) will 1» written in the form — 



a BJ,(t;r) , \ 

i-lTTp)" /• 



Ip) 

By substitution in equation (18) we find — 



^^£)*(1)-''-'---.-;;,:^,,„.^..: = ^'<"'- 



■M,\i) 



(E.,„, = ,„.,-.»Ml-.')(^')'i,]:5^-ip^ + l-^. + jj^,..'-2-,4^^u'^... , 



an equation serving to find u and also g, and solved by means of tbe table (from u = to u = 6). 
Aa before we shall find the niaximutu deflection — 

!-™.. = A(i-.-)|(?)'<(i-,V'+2ra»-'---)-i|a-/'')g(1)'<».(»)-.- («' 

and the stress cori-esponding to the greatest strain — 

I 

►'IVfij) ' " 24 " ' 24 . Hi ■■ 24. IC ri3 " "^ ■ ■ ' 

= j (!-(.')( ")'/.(")• (25) 

This strain ia obtained on tlie perimeter of the plate, and is abnost twice that appearing in the 
middle of the plate. This relation is, however, true only so long as the maximum tension at the 
contour does not exceed the limit of elasticity, after which this tension passes to the middle of the 
plate, and tlie conditions of flexion nearly approach to those of tbe preceding case. 

(3) Absolutely Stiff Tlate. 

u = 0. 

In this case the stnas ^ and the functions F, (w) and F, (u) become nothing, and the functions 
U (•»). AC"). ♦-> ("), aud^. (u) become unity, for which reason tbe fonnul* (21), (22), (24), and (25) 
may be applied to this case, if the factors / and ^ in them be rejected. In this form tbe fomiuke 
coincide with the ordinary fonnulre for a circular plate, given in text-booka on the theory of 
elasticity. 

(4) Absolutely Flexiui-e Plate. 
The connection between p and g in this case will l>e determined from the condition — 
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42 ON THE STBBSSBS IN A SHIP'S BOTTOM PLATING 

whence 



dy . 



*• 



2qt' 



the streaa 5 will be determined from the condition— 



1 r*"dj--2j= 1 (r]'> 

%J.* E U\ql 



and the maxuuum deflection of the plate — 

Aa these equations are distinguished from the analogous ones of the rectangular jjlate (3*) 
and (4) only by the constant muttiplier, they can be generalised for the tensions q which [Miss the 
limit of elasticity of material. Denoting by e the relative elongation of material corresponding to 
the tension q, we find — 

j. = 2,^V67 (28) 

and — 

Thus we can obtain the fonnuta for thin spherical shells subjected to internal pressure — 

^~^Tq 

If we wish to determine the immediate connection between the span 2 a, the thickness of the 
plate t, and the maximum tension <r„a,,, we can easily obtam — 

F (") [/(»)]' =+(«)-. (?|l)" ( ? )', (30) 

where « is a numerical factor equal to 0'416 for the circle and rectangle built-in ; this equation 
with the equations (9), (12), (21), and (25), can determine the limiting pressure p, corresponding to 
the given a^„,, and the ratio (yl. 

If we denote by p„ pj, p^, and pj the limiting pressures for — 

(1) A rectangle whose one side is equal to 2a, the other being Tery long; 

(2) A rectangle with sides 2 a and %h {h > a); 

(3) An ellipse with axis 2 a and 2 b {b > a); 

(4) A circle with diameter 2 a (see Fig. 3, Plate I.) ; 
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DUB TO WATBE PRESSUBE. 43 

we have -for very stiff plates built in on tlie boundaries the proportion— 

Thua— 

Pt = l'23/ii, when b — ia, and 

p, = 1-0867),, ■when b = :ia. 

It ia very probable that — 

Pi <Pi < 1^, 
and consequently p, ia very near to pi, and differs from it by less than 20 per cedt., when b > 2a. 

For the real plates we have — 

3 I 1 

If the ratio of the span 2 a to the thickness of plat* t is 180, or less, and the ratio — 



'F - »•»''' 2Wl 



(as for Martin's steel), the fractions — 



are verp near to unity (maximum 116), 

Therefore it is probable that p, ia included between the two following limits — 

__'^.._ -(']Ti + -(''-]'+(''Y'] 



2(l-~')/.C«)\») L'"'"bU/ '^(i) } 



These limita are sufficiently near, and do not differ more than by 5 per cent., and approximately 
we have — 

If for the real plates the uiequality — 

Pi < Pt < Pi 
ia true, pj will, as before, be very near to p,, when b > 2 a; thus — 

p,< but near — V"- ( ) - ■ ■■ .. , 

and roughly for the riveted plate, neglecting the weakening of the section by the rivet holes — 

Pj=0-55^™,./ ^y (32) 



• This remarkable result is due to Prof. Bryan, {See A. E. H. Love : "A Treatise on the Uathe- 
inatical Theory of Elasticity," vol, ii. p. 199.) 
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4 ON THE STRESSES IN A SHIP'S BOTTOM PLATING 

TABLKS OF FUNCTIONS 
*' (")>/(") AND ^ (U) FOR THB RBCTAHGULAR AND CIRCULAR PLATBS. 

A LONO Rectangle supported on thk A Circle supported on the Boundaries 

BOUNDAfiTKB ^.n^O. M„=0. £x„ = 0. («,),., = ?. 



^ 


F, 00 


/. M 


t, CO 


0-00 


0-000 


1-000 


1-000 


0-25 


0-31I4 


0991 


0-908 


0-50 


Ih724 


0-939 


0831 


0-75 


1-275 


0887 


0-76C 


1-00 


1-974 


0-839 


0-711 


1-5 


:)-«» 


0-756 


0-621 


20 


6-55 


0-688 


0-551 


2-5 


10-12 


0-633 


0-496 


3-0 


14-70 


0-586 


0-450 


3-5 


20-44 


0-547 


0-412 


4-0 


27-4 


0512 


0-380 


4-5 


36-8 


0-482 


0-362 


Ml 


45-8 


0-465 


0-329 


5-5 


57-4 


0-432 


0-308 


6-0 


70-7 


0-411 


0-290 


6-5 


86-0 


0-392 


0-274 


7-0 


103-2 


0-376 


0259 


7-5 


122-4 


0-361 


0-246 


8-0 


143-9 


0-.347 


0-234 


8-5 


167-8 


0-334 


0.223 


9-0 


194-1 


0-323 


0-213 


9-5 


223-1 


0312 


0-204 


10-0 


-/55 


0-302 


0-196 


110 


327 


0-284 


0-181 


12 


412 


0-268 


0-169 


13 


310 


0-V55 


0158 


14 


622 


0-243 


0148 


15 


750 


0-232 


0140 


16 


894 


0-222 


0-1.32 


17 


1,055 


0-213 


0125 


18 


1,235 


0-205 


0-119 


19 


1,4.34 


0-198 


0-113 


20 


1,653 


0-191 


0-lOS 



0-00 


F.W 


/.(«) 


♦ .W 


0-000 


1-000 


1-000 


0-25 


0-282 


1-005 


0-945 


0-50 


0*27 


0-972 


0-892 


075 


1-047 


0-937 


0845 


1-00 


1-542 


0-904 


0-806 


1-5 


2-77 


0-844 


0-734 


2-0 


4-37 


0-789 


0-674 


2-.-I 


6-40 


0-741 


0-623 


3-0 


8-88 


0-698 


0-579 


3-5 


11-90 


0-660 


0-541 


4-0 


15-43 


0627 


0-507 


4-5 


19-5 


0597 


0-476 


5-0 


24-3 


■ 0569 


0-451 


.5-5 


29-7 


0545 


0-427 


6-0 


35-8 


0-522 


0-406 


6-5 


42-8 


0-500 


0-387 


7-0 


50-6 


0-481 


0-370 


7-5 


59-5 


0464 


0-354 


8-0 


68-9 


0-447 


0-339 


8-5 


79-2 


0-432 


0326 


9-0 


90-5 


0-419 


0-313 


9-5 


102-5 


O406 


0-301 


10-0 


116 


0-394 


0-290 



The correa|ionfl ing fonnulte are — 

K.(.o^'SJ^(i-.y(|)'(«y 

= 35-137... (^y(»)' ,7B, 

' 12(l-,-)U/ 
",.... = 3(1-, Or (")/.(») 

»2-73,,(2)Vi(«). 19a) 



F,(«). 4-3043... (l-fT(g)'(S) 
= 3-2437... (^)'(»)- 
.0-09157 En (I y (A,)and(B) 

.,..,. = § (1 -/.) (3 -f rt J' (f )'/.(") 
-0-866y (I )■/.(») 



(21) 



Ul-rt(6 + ;.) 



= 2-275|(2)'(»,(u) 



(8b) 



'!(")' 



m 



t^(u) 



'♦,(") 
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DUE TO WATER PEE88nEE. 
TABLES OF FCSCTIOKS. 



A LOdG BBCTANfiLB BUILT-IN ON 


THE 




BOCNDARIB8JaT„ = 


0. n-" 




. 


F, M. 


/.(«)- 


f.(«)- 


♦.(«)■ 


0-0 


0-000 


1-000 


1-000 


0-000 


0-2 


0-208 


1-01-i 


0-980 


0-213 


0-4 


0-433 


1-008 


0-962 


0-440 


0-G 


0-674 


1-003 


0-943 


0-680 


0-8 


0-933 


0-997 


0-926 


0-927 


1-0 


I-.'IO 


0-990 


0-909 


1-184 


1-2 


1-505 


0-983 


0-893 


1-455 


1-4 


1-819 


0-976 


0-877 


1-731 


l(i 


2-152 


0-969 


0-862 


2-02 


1-8 


2-504 


0-962 


0-848 


2-32 


2-0 


2-877 


0-9.54 


0-834 


2-62 


2-2 


3-27 


0-947 


0-820 


2-93 


2-4 


3-69 


0-940 


0-807 


3-26 


2-6 


4-12 


0-933 


0-794 


3-59 


2-8 


4-58 


0-926 


0-782 


3-92 


30 


6-06 


0-919 


0-770 


4-27 


3-2 


5-56 


0-912 


0-758 


4-63 


3-4 


6-09 


0-906 


0-747 


5-00 


3-6 


6-64 


0-899 


0-736 


5-36 


3-8 


7 21 


0-893 


0-725 


5-76 


4-0 


7-81 


0-887 


0715 


6-14 


4-2 


8-44 


0-880 


0-705 


6-53 


4-4 


9-09 


0-874 


0-696 


6-94 


4-6 


9-76 


0-808 


0-686 


7-35 


4-8 


10-46 


0-862 


0-677 


7-76 


5-0 


11-19 


0-857 


0-668 


8 20 


5-2 


11-95 


0-851 


0-659 


8-65 


5-4 


12-73 


0-846 


0-651 


9-11 



0-0 


F. (»). 
0«K) 


/. M- 


?4 {'0- 


**M. 


1-000 


1-000 


0-000 


02 


206 


1-010 


0-986 


0-210 


0-4 


0-423 


1-009 


0-973 


0-430 


0-6 


0-652 


1-007 


0-960 


0-G61 


0-8 


0-892 


1-003 


0-948 


0-897 


1-0 


1-143 


1-000 


0-935 


1-143 


1-2 


1-408 


0-995 


0-923 


1-391 


1-4 


1-C85 


0991 


0-911 


1-655 


1-6 


1-975 


0-986 


0-900 


1-92 


1-8 


2-278 


0-981 


0-889 


2-19 


2-0 


2-594 


0-977 


0-878 


2-47 


2-2 


2-923 


0-972 


0-867 


2-76 




3-27 


0-968 


0-857 


3-06 


26 


3-63 


0-963 


0-847 


3-36 


2-8 


4-00 


0-959 


0-837 


3-58 


3-0 


4-38 


0-954 


0-828 


3-98 


3-2 


4-78 


0-950 


0-818 


4-31 


3-4 


5-19 


0-945 


0-808 


4-64 


3-6 


5-62 


0-940 


0-799 


4-97 


3-8 


6-07 


0-936 


0-790 


5-32 


4-0 


6-53 


0-932 


0-781 


5-68 


4-2 


7-00 


0-927 


0-773 


6-02 


4-4 


7-49 


0922 


0-766 


6-36 


4-6 


8-00 


0-917 


0-757 


6-73 


4-8 


8-52 


0-913 


0-750 


7-10 


5-0 


9-05 


0-909 


0-742 


7-48 


5-2 


9-61 


0-905 


0-735 


7-87 


5-4 


10-19 


0-902 


0-728 


8-29 



Th« correaponding foi-muke h 

'=1 

._..-2(l-,')^.(2)V.C") 

-1-82 J. (■;)'/■(«) 



(lOB) 

_cy-o-( 



(!-/■=) I 



) '♦.('<) 



= 0-455|(2)'(^(») 



«»)= F, M [/, («)]■ = 'I (1 - ,<) (?«)'( 1 )■ 

= 0-416(''-.y(«)' (30, 



= 0-1937 ('jiy (2)' 
-09157 . . . E K ( ' y (A,) an 

'..>.-^(l-,.');i(f)'/.l«) 

= 0-082j,(';y/.(«) 
*....l|(l-K)|{fy'».'») 

= 0-171 K^y <♦.(.) 
*.(»)- F, (»)[/.(..)]' 

=»"K'f)'(")' 



(23) 



(25) 



(24) 



(30) 
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46 ON THE STRESSES IN A SHIP'S BOTTOM PLATING 

Example 1. — A steel circular plate, whose thickness t = J in., and radius a = 16 in., is subjected to 
A uitiform pressure of p = 10 lbs. per square inch. The edges of the plat« are ao fastened to the 
supporting frame that they cannot shift horizontally (Si^ = 0), but the edge elements are free to 
incline {t^ on the boundaries is equal q) : the Young's modulus E = 33,300,000 lbs. per square inch. 
We have — 

F,(«l = 3-244 . . . lS,)'{~.y = ^^'^- '20) 

Thus, in the first and second columns of the corresponding table we find — 

« = 8-63, 
and consequently — 

/, (w) = 0-429 ; ^ (u) = 0-323. 
The maximum stress — 

»„,, = 0-866;^ iiY^' <") = ^-^'^'^ ^ ^"^^^ 
= 15,220 lbs. per square inch = €'8 tone per square inch. (21) 
The maximum deflection — 

y™,. = 0-696 ^/"y<^,(«)=« 0-876 x 0-323 == 0-283 in. (22) 

The same values obtained by the ordinary formulie for stiff plates will be oon-eapondingly 15t* tons 
jwr square inch and 0-876 in. 

E.UUPLE 2. — A steel rectangular plate, whose thickness t = ^\j in., breadth 2 o = 50 m., and length 
is very great (practically is more than 10 to 12 ft.), is subjected to the pressure of a water column the 
height of which is 18 ft. The edges of the plate are built in (^ =s 0), and. cannot shift horizontallv 
(Sx„ = 0). 

Thus we have — 

p = 18 X q = 8 lbs. per square inch. 

F,(«).l-3;8(|)'(»)" = 7-21, (lOB) 

and consequently — 

u = 3-80, /j (m) = 0-893, ^ (m) = 0-725. 



= 1-82 



•2 ;) ( ? )'/, (m) = 40,300 Iba. per square inch = 18 tons per square inch. (12a) 

y,«„. = 0-455 ^i ( f )' ' ?» {«) = 0-;i4 in. (llA) 

We cannot admit such a stress exceeding the elastic limit of the materials. If we wish to obtain 
the limiting pi-essure on this plate, we can write, making, for example, (r,„„, = 8 tons per square 
inch = 17,920 lbs. per square inch — 

^,(») = o-4ic(^- )'(!)' = 1-15, (:») 

aud consequently — 

M 31 0-976 and p = 0-55 »™,_ (-\ _— = 3-2 lbs. per square inch, 
or the limiting height of water column ia 72 ft. 
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DUE TO WATER PRESSURE, 47 

DISCUSSION. 

Ml". Francis Elgar, LL.IJ., F.R.S. (Vice-Pi-esidt^iit) : My Lord, might I say a word upon this paper 
tiefore Professor Bryan speaks ? The imper I read seveml years ago upon the strength of bulkheads, 
whiuh is referred to by Monsieur Uooldioft', merely gave reasons to show why I did not see 
my way to believe in any quantitative solutions which liad, up to that time, been put before 
us of the problems that the author here attempts to solve. It had, at any rate, one good effect, 
and that was to induce Professor Br>an, who is here to-day, and who is perhaps better able to 
■express an opinion upon these very difficult problems than anyone else in the room, to apply his 
mind to the subject, and to favour us with the results of bis investigations. I hope he will speak 
upon the present paper ; but, before he does so, I would call attention to one or two pomts that 
strike oue at a lu^ty glance over this paper. It would be impossible for me to attempt to expi-ess 
«n opinion right off upon such difficult mathematics an are dealt with here ; but one or two 
results are arrived at and described that appear to i-equire attention. An example of these will 
be found ia the first and second paragraphs of page 23. Monsieur Boobnoff there states, as 
the result of bis investigations, that " with a tliickness of outer shell plating of a large liattle- 
dhip of ^ of an inch" (in our large battleships it is not so much as ^g- of an inch, it is only \j-,*), 
"and with a space between the transverse frames of 48 in., the admissible pressure is approximately equal 
to 24 ft. of salt water." Now the pressures which our Ijattleships ordinarily have to bear in practice 
reach as high as that due to a head of 28 ft. of salt water at the lowest part of the plating, with a thickness 
of shell pkting which is less by 22 per cent, than that given in the paper, 

Mr. Archibald Denny : That is in smooth water ? 

Dr. Elgar : That is in smooth water with the vensel at rest, when there is simply the steady 
pressui-e due to the head of water that is denoted by the draught. It appears to me, therefore, that 
investigations leading to this result (which is not on the face of it), consistent with experience, i-equii« 
very careful examination from all points of view, before they can be accepted as conclusive. I am 
sure we should all be grateful to Professor Bi-yan for his opinion. Whether Monsieur BoobnolF has 
succeeded in absolutely solving a problem that has so long presented insuperable difficulty, or whether 
he has come somewhat short of that, there can, however, Ik no question that he has brought 
befoi-e us a most instructive investigation of the resistance of thin plates to flexure, and one that 
marks a gi-eat advance in treatment and ui power of appi-oximation to correct i-esults. Its full value 
can only be judged after close study of all the |X)ints that are discussed, and full consideration of these 
difficult and interesting investigations and the practical results to which they lead. 

Professor G. H. Bryan, M.A., F.B.S. (Visitor) : My Lord and Gentlemen, Monsieur Boobnoff's 
paper makes me i-ecall the difficulties which I myself saw looming ahead in an endeavour to apply 
the mathematical theory of the thin plate to calculating the stresses in the kind of plating which lias 
to be dealt with in ships. If it should appear that the i-esults found in the paper do not agree with 
those which Dr. Elgar has found to exist in practice, that is no reason tor dbcontinumg the study of the 
question from the mathematical standpoint. What is necessary is to find out why they do not agi-ee, 
and where the investigation can be impi-oved. Monsieur Boobnoff has gone farther than previous 
workers, starting from the mathematical point of view, in taking both tensile and bending strains int<» 
account simultaneously, in the case of the strip which he calls the long rectangular plate and in that of 
the circular plate. Now, in all probability, lx>th those kinds of strains exist simultaneously in actual 
plating. The rigidity for bending strains only is proportional to the cube of the thickness, whereas the 
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rigidity for tensile strains is proportional to the first jjower of the thickness. On the other hand, the 
tensile strains are proportional only to the square of the displacement of the middle surface of the plate, 
while the bending strains are proportional to the first power of the displacement. Now, Monsieur 
Boobnoff makes use of certain postulates. He admits that the rectangle, both of whose sides are finite, 
is a case which does not admit of simple mathematical solution, and I can confirm the statement that 
the solution, when found, is one "whose convergency leaves much to 1« desired for practical calculation." 
But 1 have been in very great doubt as to whether the postulate which he assumes could be admitted. 
i saw that the case of an ellipse with built-in sides could be investigated both for a uniform jjressure 
and for a hydrostatic pressure varying as the depth below any line. The objection to applying the 
postulate appears to me to arise from the comers of the rectangle. Tlie distribution of stress in 
a plate having sharp angles may \m very different to that in one with a rounded contour, or in 
a strip where the effects of the ends are neglected, and where the plating can bend without any tensile 
stress being produced in it if the supports can give way. A rectangular plate cannot be bent to 
more than a certain extent without tensile stresses being produced in it. A strip, on the other 
hand, can bend into a cylinder. To a mathematician, the fact that the aohition of the problem of 
the bent rectangular plate involves the use of Fourier's Series. " whose convergency leaves much 
to be desired for practical calculation, " suggests the idea that there may be a veiy great tendency to 
break at the comers of the rectangle, if the series tails to be convergent at these pointa. Now, what 
appears to me to be required for the further study of the stresses in plating is this : — The mathe- 
matician wants to know not so much the actual stresses in the plate, as the shape of the plate when 
it is distorted by pressure, and, if he caimot find that mathematically, I believe it would be possible 
to do so experunentally by some such method as the following: — Let a rectangular plate be taken, 
let one of its faces be dotted over with little round glasses silvered on the back, and let these 
miri-ors reflect light fR)m a suitable source on U) a screen. Then let the plate be submitted to 
pressure on the opposit*^ face, the consequence will be that it becomes distorted, and the patches 
of light reflected by the mirrors will be displaced, their displacements determining the angles through 
which the surface of the plate is bent at each point. Once these angles have been found, it is an easy 
matter of integration or quadrature to find the actual displacement of the plate at every point, and, 
on the other hand, it will be very easy to calculate the stresses at different points. What I should 
suggest is that, when the curves of displacement have been found, a contour map should be dran-n 
of the displaced plate. This should be done at several different pressures. If the bending stresses 
alone predominate, the displacement at every point will be proportional to the pressure, and the 
form of the contour lines on the map will be independent of the pressure. On the other hand, any 
change in the form of the contour lines when the pressure is increased will indicate that tensile 
as well as bending strains have Ijeen brought into play, and a measure will thus be obtained as to 
the e.xtent to which the actual plate differs from the plate of Kirchhoff's and other mathematical 
investigations, where bending and not tensile strains are taken into account. Such ex])eriments 
may at first sight appear to be rather of mathematical than of practical interest, but I consider it is 
of the greatest importance that we should endeavour to learn what stresses e.tist in a rectangular 
plate, and especially whether the comers are strong or weak parts of the plate. In conclusion, 
it is a matter of great importance that contour niaj>s of the displaced forms of rectangular plates should 
he drawn under varying pressures, and I would incite the members of this Institution to make 
experiments for the purpose. Aa a further inducement, may I pouit out that when once the 
necessary apparatus has been pro^■ided, it will afford a ready means of detecting flaws in plating, since 
any such flaw must of necessity give rise to irregularities in the contour lines of the plate when bent 
under pressure. 
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Mr. J. Bkuun, D.Sc. (Member) : My Lord and Gentlemen, I. think this ia a very interesting paper ; 
it deab with the question in the right way, both from the point of calculation andfrom experiment, 
and I have no doubt that Monsieur Boobnoff's explanation of the stresses is right. It has always been 
rather a wonder how the frames could be spaced so wide apart as they are in warships, that is to say, 
48 in., because, by the ordinary calculations, the stresses would be far too high. I suppose the proposed 
method of calculation, assuming that a catenary tension exists, really points to the right explanation 
of the possibility of such wide frame spacing. It is highly desirable, as Monsieur Boobuoff has pointed 
out, that a correct method should be devised, whereby the spacing of the frames can be determined on 
some right principle, particularly where new departures are made, or where new features are introduced 
in designs, or else where old features or old designs are modified in some respecta, as, for instance, when 
the size of the ship, or the proportion of length to depth are inci-eased. Of course, the tables given in 
this iMiper apply entirely to wai-ship practice — that is, to such wide frame spacing as 48 in. I think it is 
a pity that some calculations were not made for a closer frame spacing, something like that used in 
the mercantile service — say, half of that given, or 24 to 30 in. It would have been particularly interesting 
if Table C had been extended so as to take in proportions of spacing to thickness of say, 30, 40, and 50, 
and the corresponding results given. I do not know whether Monsieur Boobnoff has any figures for 
those proportions; if so, it would, I think, be very interesting to have them. In the merchant service, 
the stresses are probably somewhat higher on the bottom than in the case of warships. Merchant 
vessels are longer and the compressive stresses would, therefore, probably be higher, and for that 
reason it ia necessary to have closer frame spacing. The stresses calculated by the method proposed 
in this paper are sunply those due to the buckling or bending of the plates, and to those must be added 
the compressive stresses due to hogging. 1 should rather think that when the vessel is hogging, the 
worst case would happen with regard to the frame spacing. The pi'essure amidships would be somewhat 
greater than when the vessel is sagging, and, in addition, the bottom plating would he in compression. 
I am not quite sure whether these proposed calculations would apply then, because it seems to me that, 
when the bottom plating is in compression, there can be no catenary tension, and it cannot consequently 
take part of the stresses. The absence of any tension would seem to make the proposed method 
of calculation inapplicable. I have not been able to read through the whole of the Appendix, and perhaps 
there is an explanation of this point there ; but, if not, I should like to know if Monsieur Boobnoff has 
made any calculations on the assumption that the plating is under strong compression, while at the same 
time subjected to water pressui'e. There is another point : If the platmg is in tension, it would 
probably he right simply to add this additional stress to that caused by the pressure of the water, but 
if the plating is in compression, there would be an additional tendency to buckle, tliat is to say, the 
plating would buckle even apart from any water pressure, or, at any rate, it would not give way 8im))ly 
from compressive stresses. Apparently, this tendency has been omitted in arriving at the total stress on 
the plating. In proposing the Z bars between the floors, I see that the strength of those have been 
calculated on the ordinary assumption, that is to say, by the bending moment formulae. In that case, 
of course, the bars would yield to a considerable extent, and that would have some effect on the plating ; 
I do not know whether that has been included in the calculations. The proposed method of practical 
construction is no doubt the coirect one fi-om a theoretical point of view. Weight will always be saved 
by having deep Hoors and web fi-ames with continuous fore and aft angles or Z ))ai-s between, but it is a 
question whether this is economical from the financial point of view, as the method would entail a large 
amount of riveting. I should like to know from Monsieur Boobnoff how far these calculations could 
be made applicable to surfaces supported by girders; not simply plain plates, but supported by 
stiffeners, say, at right angles to each other, such as would be the case at the side of the ship when 
the frames, web frames, and stringers are included. I should think tliat, in that case, the ordinai-y 
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bending; motnent formulsB would be practically correct in all cases, wbere the supported area is of an 
obloi^ form, fis is uauall}' tb« caae. 

Professor 3. H. Bilbs, LL.B. (J^rember of Council) : I am afraid. Gentlemen, that, at this hour, it is 
hai-dly desirable to take up your time with many remarks on this subject, but I had in my mind exactly 
the same Idea, after reading this paper, as that which IVofessor Brj'an has expressed, and that ia, in the 
first plaoe, that the results are ver\' startling, and, in the second place, that it is exceedingly desirable that 
the raiulta should as soon as possible be tested by experiment. That ia the practical thing to do in such 
a caae. We had, I think, before, when Professor Bryan read his paper, a reference of this subject to a 
committee to test experimentally the result of putting thin plates under pressure, and, if my memory 
is correct on this matter, I think that Lloyd's undertook to ctary out these experiments in conjimction 
with Professor Bryan and Dr. Elgar. I do not know whether these experiments were ever begun, but 
I do not think they were ever completed ; at any rate, we have never had any results from them. If we 
could induce those gentlemen to take up that subject again, with the fiuiher light that Monsieur Boobnoff 
has thrown on the question, we may, perhaps, this time get some practical results from it. With 
respect to the structure that is proposed, of course, if these figures are correct — and there is a great deal 
of doubt about their accuracy — the character of the results may be correct, but they may be gene- 
rally too high. If there is any great stress to be laid upon this, there are many ways in which 
a bottom can be stiffened to resist pressure. Whether the proposed method is the best way or 
not is, of course, a matter for individual consideration in each caae. Some fifteen or sixteen years 
ago. In connection with some light torpedo boats that I designed, the question of the thickness of the 
outside bottom was considered in relation to this pressure, and, in oider to make things a little safer, we 
turned up the flanges of the shell plates, so that they were put on thus — 
or the inside strake was, and the outside atrake was fastened on so that the 
Hangee of the plates were turned up and formed a stiffening, somewhat of 
the character that is proposed by the Z framing described in Monsieur 
Boobnoff's paiier. This flange, of course, had to be cut in the case where we 
applied it, because the framing was connected direct to the shell, but it was carried close up from 
frame to frame. The flange was turned up for a certain distance, and naturally afforded a con- 
siderable support for that length of the plate. There is one thing with reference to what Mr. 
Bruhn has said, that in merchant ships, which are much longer than warships, the stresses due to 
tension and compression on a wave are probably much higher, and the necessity for having closer 
frame spacing then comes in, because, if you had the frame spacing as wide as in a warrfiip, you might 
have these stresses, due to outside pressure, in addition to the main structural stresses. No doubt that 
is of some importance, and probably the reason that some of the ling warships, such as the Powerful and 
the Terrible (which are as long as some of our merchant shijjs), do not show signs of weakness in the 
outer bottom is that they have sheathing outside, and that perhaps may l)e some ai^ument in favour 
of retaining sheathing in some of the longer and more powerful high-sjieed cruisei-s. 

The Right Hon. the Earl of Gl-^SOOW, G.C.M.G., LL.D. (President): Gentlemen, I presume 
you will agree that the author he thanked by letter for his verj- interesting paper, as he ia. 
unfortunately, not present. 

The following additional contribution to the discussion has been received from Dr. F. Elgab, LL.D., 
F.B.S. (Vice-President) : — " I am sorry I was obliged to leave before the discussion was closed, and did 
not hear the remarks of Professor Biles upon what took place several years ago, with regard to experiments 
ii|K)n the flexure of thin plates under preanure. In the discussion on my ]>aper upon the strength of 
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bulkheads, at the Spring Meeting in 1893, it was suggested that the Coimcil should be aaked on behalf 
of the Institution to consider a scheme of experiments. This was not, honever, acted upon, and no 
committee was appointod to deal with the question. I commenced to work at it, in ponjunctioh with 
Mr. MartflU, and Lloyd's Bigister Soeiety voted a sum of money towards the coat. We got the Ui^kh ol 
making some prelkninsry flxperiments for the purpose of determining the nTmibar and nature of the 
whole series of experim«»ts that would be required, and the best method of analysing uid reoording 
the results, but we found that it would require more time than we bad at command to carry the sebeme 
through, and we were reluctantly compelled, on that account, to abandon it. No action was taken l^ 
the Institution in the n 



The following reply to the discussiou on big paper has been received from Monsieur Iraa G, 
BOOBNOIT :— 

The final practical deduction of my paper, that the stresses in the ship's bottom plating due to water 
pressure are not insignificantly small as is usually assumed, but, on the contrary, are extremely great, 
and frequently exceed all limits admissible in engineering, is in such contrast with the general opinion 
that I could only expect the most sceptical reception for my investigation. The science of naval 
construction, as a result of its historical development, has now arrived at such a pomt that " how it is 
done " carries infinitely more conviction than " how it should be done," and 1 have, therefore, no reply 
to Dr. Elgar's remarks, in which he points out that much thinner plating is made in practice than my 
calculations require. When it is made thinner than necessary, the stresses will merely be greater than 
necessary, and that is all. l*rofessor Bryan expresses doubt as to the truth of my postulate (see § 7, p. 22) 
for a rectangular plate in which the length of one side exceeds the other by twice or more, as we know 
nothing of the magnitudes of the atresses on the corners of the rectangle, where they may be, as he thinks, 
very great. I arrive at this postulate by the following considerations: Let us compare the bending 
of such a plate with that of an ordinary beam ; the di^erence will be, firstly, in the plate resisting, 
partly by bending and partly by stretchmg, and, secondly, in the plate being supported by the short 
sides. The first circmnstance, for plates built-in on the boundaries, affords a very small advantage, 
not exceeding, as appears from the paper, fifteen per cent, for plates of Siranens-Martin steel, when the 
ratio of span to thickness is 180 or less. It may be further observed that this difference will be reduced 
to zero if the supports give way in the smallest degree ; for example, it is sufficient that the frames of 
a large ship (frame spacing being 48 in.) shouM give way -fj^y of an inch (less than the thickness of the 
paper used for printing the Transactions of this Institution), for all the catenary tensions to vanish, aud 
the above-mentioned advantage with them. The support given bythe short, sides, evidently, alsodiminiahes 
the stresses at a point situated at the middle of the long side (where, 1 consider, the stresses have their 
maximum value), but, of course, in inverse proportion to the length of the side of the rectangle. For 
a built-in elliptical contour, as Professor Bryan himself has 6ho^vn, the stress at the ends of the short 
axis is almost independent of the length of the longer axis, and it follows, therefore, that the same can be 
assumed for the case of a rectangle. Thus, the difference between a beam built-in at both ends, and the 
above-mentioned rectangular plate may be disregarded in practical calculation. I would further point 
out Uiat, for a practical man, it is of no importance to know exactfy the maximum stress in bis 
construction. In our case, we need only the approximate conviction that this fftreas is about eight tons 
per square inch, or more (with an error of about ± 10 per cent.), because, in a rationally constructed hull 
we cannot admit stresses due to water-pressure of more than 3 to 3 tons per square inch, as there also 
exist additional stresses, due to pitching and many other causes. I shall, therefore, not contest Professor 
Bryan's opinion that the maximum stress for a rectangular plate of finite size may be in the comers, 
although I do not fully agree with it. In any case, this circmnstance cannot diminish the stresses 
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oalculated by me at the middle of its greater aide, and they come out very high. Aa to Professor Bryan's 
proposal to make experiments on the bending of plates, it has my complete sympathy ; but it must be 
borne in mind that, in observing by means of mirrors the angUe of inclination of the various line- 
elements of the plate, in Order to obtain the stresses sought for, we must differentiate the resulting cunes 
of the obser\'ed angles, because the stresses in the plate depend on its curvature, and this can only he 
done satisfactorily when these angles are observed with very great exactitude (for example, down to 5 to 
10 seconds), which would be very difficult to realise when the experiments are made upon a large scale. 
It is, therefore, simpler to cany out experiments of a comparatively rougher character, for rectangular 
and circular plates, with the object of verifying the above-mentioned formulse and the fundamental 
postulate. It would be especially simple to observe, for various contours, the limiting pressure 
causing a permanent set on the boundaries, when the angle of inclination of the elements lying at the 
middle of the greater side abruptly increases. Of course, it is necessary to take care to avoid the giving 
way of the boundaries by the means indicated in Fig. 4, Plate L, or otherwise. I venture to hope that the 
results of these experiments (if made) will be published, as they offer great scientific interest. Mr. J.Brulin 
regrets that I have devoted most of my attention to warships and have said little about those of the 
Mercantile Marine. The reason for this is that, in merchant ships, the frames are placed closer than 
in ships of war, and, therefore, the calculation of the stresses in the plating can be made very simple, 
using the formula for absolutely stiff plates, if only the intermediate frames can be considered to be 
equally strong supports as deep frames. But, as in practice their stiffness is considerably less than is 
necessary on this supposition, I was afraid that the discussion of this question would only complicate the 
problem before us, already sufficiently difficult in itself. I have, therefore, confined myself to the brief 
remarks, without full proofs, given at the end of § 8 (page 23). The figures of Table C, given in the paper, 
relate to those proportions of span to thickness for which the calculations of the limiting pressure require 
a great amount of work ; but when this proportion diminishes, the calculations by the formulse of the 
paper itself become more and more easy, and it is therefore verj' simple to continue the Table in this 
direction if necessary. The stresses due to homing and sagging, referred to by Mr. Bruhn, are added 
algebraically to the stresses due to water pressure, and do not alter the character of the phenomenon. 
As to his question regarding the method of calculating the stresses in a plate supported by any desired 
stiffening ribs, such a oalculation may be made by the above-mentioned formulee, provided that the 
stiffness of these supports is sufficiently great, as compared with that of the plate itself. Professor Biles 
considers my figures very startling, and au^ests that there is a great deal of doubt about their accuracy. 
I do not know what my critic means by " accuracy," and whether this word relates to the postulate 
and principle which were used to obtain the formulae, or to the formulie themselves, as the real expression 
of the principles involved, or to the reduction of the fonnulfe to numbers. As to the principles and 
postulates, I have given my explanation in my reply to Professor Bryan's remarks. The correctness of the 
formulae and their results can easily he verified. As to the method employed by Professor Biles fifteen 
years ago for stiffening the plates of a torpedo boat by means of tiuned-up flanges, it is necessarj- to 
observe that this method certainly could not attain its object, as these flanges are cut by the frames, 
precisely at the places where they are most needed. The number of methods for stiffening the bottoms 
of ships are veiy numerous. The whole difficulty consists in avoiding useless increase of weight of hull 
and complication of work. A suitable method will, no doubt, be found as soon as practical ship^ 
builders recognise the necessity of avoiding systems of construction of hull in which stresses in the 
bottom plating can exceed the limite admissible in all other branches of engineeruig. 
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ON LIQUID FUEL FOR SHIPS. 

By Six FoBTESCUE Flannebt, M.P. (Member). 

[Read at the Spring Meetings of the Forty^tliird SesBion of the lostitatioD of Naval Architects, 
March 30, 1902 ; the Right Hon. the Earl of Glasgow, G.C.M.G., LL.D., PreBident, in the Chair.] 



The subject of this paper is not in any sense new. The use of liquid fuel has been 
known for many years to be mechanically possible, and the Transactions of this 
Institution contain many important references to the question. The late Admiral 
Selwyn was an enthusiaBtic advocate and an eloquent exponent of the special 
advantages of liquid fuel for vessels of war. 

The use of this fuel on the Caspian Sea and the Volga began in 1870, and is quite 
the recognised custom in about 200 vessels on the Caspian, and 200 on the Volga. 
The fact that the vessels navigate in fresh water on the Volga, and can, therefore, 
afford an unHmited supply of steam for pulverising the fuel without any risk of 
undue inorustration to their boilers, is an important factor. The Bussian law, 
however, prohibits the exportation of liquid fuel of low flash point, and the dif&culty 
of internal transport has been the dominant factor in the confinement of the use of 
liquid fuel at sea to the Caspian for at least a generation after its successful use there 
has been demonstrated. 

Whilst the advantages of liquid fuel, and the possibihty of its successful mechanical 
use, have been generally admitted, little or no progress in its application had been made 
outside the Bussian inland sea just referred to, and the reason of this stagnation has 
been mainly of a commercial character. The supply of fuel outside Eussia has been 
but nominal, and no general application was possible, unless both war and mercantile 
vessels could be assured of continuous supply from year to year, and unless that supply 
were as regularly accessible at as frequent and convenient oiling stations throughout 
the world as already exist in the case of coal fuel, and at a cost proportionately as 
low. Such a condition of things never became possible until the recent discovery of 
large supplies of oil suitable for fuel, first in Borneo and Burmah, and quite recently 
in Texas and California. It is to be regretted that the only one of these sources of 
supply that lies in British territory is that of Burmah. 

The whole aspect of the question, whether regarded by the Admiralty, the 
shipowner or the naval architect, has been changed by the assurance of continuous 
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supplies of liquid fuel, and it becomes necessary to treat the question, not only as of 
practicEil importance, but of urgency to tbose responsible for the highest efficiency of 
fighting and carrying ships. The British Admiralty has determined to exhaustively test 
the use of this newly resuscitated means of evaporation, and the reference to the question 
by the First Lord in his recent Memorandum is a clear indication of progressive policy — 
a policy which is understood to extend to trials not only in destroyers, but also ia three 
cruisers and one battleship. The Italian Admiralty have been pursuing the question for 
some years, even before large supplies were assured. The German AdmlTaliy have used 
liquid fuel on the China station for many months in lieu of coal for auxiliary purposes 
on board ship. The Hamburg-American S.S. Company have fitted four steamers 
for liquid fuel, and the North German Lloyd two vessels. The Dutch Navy have fitted 
liquid fuel apparatus in conjunction with coal to two destroyers and Dutch mail and 
cargo steamers in the Far East have the new liquid fuel in regular use. Danish 
shipowners have ordered the building in Germany of two steamers to bum liquid fuel ; 
and some twenty vessels under the British flag are now running regularly with liquid 
fuel ; whilst at least a dozen are building with suitable fuel apparatus included in their 



Supply. 

Storage and supply of this fuel are in regular currency, or in course of arrangement, 
at the following ports : — London, Baxrow, Southampton, Amsterdam, Copenhagen, New 
Orleans, Savannah, New York, Philadelphia, Singapore, Hong Kong, Madras, Colombo, 
Suez, Hamburg, Port Arthur, Texas, Rangoon, Calcutta, Bombay, Alexandria, Bankok, 
Saigon, Penang, Batavia, Surabaya, Amoy, Swatow, Fuchow, Shanghai, Hankow, 
Sydney, Melbourne, Adelaide, Zanzibar, Mombassa, Yokohama, Kobe, and Nagasaki ; 
and storage arrangements are projected in South African and South American ports. 

It may be expected that the supply to these stations will be drawn, as regards the 
ports east of the Suez Canal, from Borneo and Bangoon and, as regards those west of 
the Canal and in South America, from the Texas fields ; South African stations being 
neutral as regards the heavy charges of the Suez Canal, are therefore likely to draw 
their supply from Borneo or Texas with equal economy. The South American stations 
will no doubt be supplied from the Texas and California fields. 

Chemical Coupositioh. 

It is not within the scope of this paper to discuss exhaustively the refining and 
the chemical constituents of the fuel, bat a general statement of what is meant by 
liquid fuel is necessary. 

The product, as it issues from the wells, may be roughly said to be divisible into 
five principal sections, i.e., spirit (benzine or naphtha) ; kerosene, or petroleum lamp oil ; 
solar oil ; astatki, or residuum, and water. The spirit, and the lamp and solar oils are 
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too valuable eommercjally to be used as fuel in oompetitioa with coal; but the residuum, 
a thick tieacle-like sluggish hquid is, if stiffioiently separated from water and other 
imparities, very suitable for fuel, consisting, as it does, of the following chemical 
elements : — Carbon, 88 per cent. ; hydrogen, 10| per cent. ; oxygen, IJ per cent. 

The two impurities whose presence is most inimical to steam generation are 
water and sulphur. Water puts out the flame and causes an inrush of cold air very 
injurioas to the boiler, and sulphur, if &ee (that is not chemically combined with the 
oil), is injurious both to copper and steel. These impurities are now, however, of rare 
occurrence, and although, as will be seen later on, mechanical means of separation from 
water are necessary on board ship, this necessity arises rather from the admixture of 
ballast water thaia irom water not taken out of the oil in the prooeBs of refining. 

The question of safety and flash point is of extreme practical importance. The 
British Admiralty have hitherto required a flash point of 270° Fahr. Lloyd's Register 
has required a flash point of 200° Fahr., now reduced to 150', whilst the German 
authorities have accepted aa safe a flash point of 150° Fahr. Fuel of the lower flash 
point has been in constant use for four years in British and Dutch mercantile vessels 
with complete immunity flrom accident. It is not desirable to flx a flash point higher 
than is really necessary for safety, because high flash points are obtained by reflning 
the volatile elements out of the liquid to such an extent as to leave a thick and 
sluggish residuum requiring large power to pulverise it into spray before ignition in the 
furnace, and neoessarUy more expensive by reason of the additional refining process. 

COMPABATIVE ACTANTAQEB AND DlSADVANTAOES FOB WaB YeSSELS. 

The problem that confronts every designer of a warship is the combination of 
the greatest speed, armament and ammunition supply, protection, and range of 
action, in the smallest and least expensive hull, and any reduction of weight and 
stowage room necessary to any of these qualities is a saving which acts aod 
re-acts favourably upon the problem in a manner ^miliar to us all. The practical 
figures of comparison between coal and oil fuel realised in recent practice are that two 
tons weight of oil are equivalent to three tons weight of coal, and 36 cubic feet of 
oil are equivalent to 67 cubic feet of coal as usually stored in a ship's bunkers ; that 
is to say, if the change of fuel be effected in an existing war vessel, or appHed to any 
design without changVQg any of the data other than those afiecting the range of 
action, the latter is increased by 50 per cent, upon the bunker weight allotted, and 
nearly 90 per cent, upon the bunker space allotted. 

The coal protection {<x cruisers, whatever its real advantages — a matter upon 
which different opinions exist — would disappear with the use of liquid fuel, because it 
would be for the most part stowed below the water-line, if not wholly in the double 
bottom. The double bottom and other spaces, hitherto quite useless except for water 
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stowage, would be capable of storing liquid fael, and the space now occupied by coal 
bunkers would be available for other uses. 

The ship's complement would be reduced by the almost complete abolition of the 
stoker element and the substitution of a limited number of men of the leading stoker 
class to attend to the fuel burners under the direction of the engineers, and the space of 
stokers' accommodation, the weight of their stores, together with the expense of their 
aiaintenance would be saved. The number of lives at risk, and of men to be recruited 
and trained over a long series of years would be reduced, without reducing the 
manoeuvring or the offensive or defensive power of vessels of any class in the Fleet. 

Kebunkering at sea — so anxious a problem with coal — would be made easy, there 
being no difficulty in pumping from a store-ship to a warship in mid-ocean in ordinary 
weather. 300 tons an hour is quite a common rate of delivery in the discharge of a 
tank steamer's cargo under ordinary conditions of pumping. 

The many parts of the boiler fronts and stokehold plates, now so rapidly corroded 
by the process of damping ashes before getting them overboard, would be preserved 
by the action of the oil fuel, and the same remark applies to the bunker plating, which 
now perishes so quickly by corrosion in way of the coal storage. 

Liquid fuel, if burned in suitable furnaces with reasonable skill and experience on 
the part of the men in charge, is smokelesb. It is easy to produce smoke with it, but 
this is evidence of its being forced in combustion, or of the detailed arrangements of the 
furnace being out of proper proportion to each other. In regard to smokelessness it is, 
when used under conditions customary in the merchant service, not inferior to Welsh 
coal, and superior to any other coal ordinarily in use. 

The cost of fuel in the East is less than that of Welsh coal when the cost of 
transport and Suez Canal dues are added to the original price of the coal as dehvered in 
a Welsh port. 

The evaporative duty required from the boiltts of destroyers is greater than that 
required for boilers of any other type, and, whilst it is possible to bum enough liquid 
fuel to produce the required duty in boilers hitherto using coal at natural draught, or 
even coal at moderate forced draught, difficulty has been found in burning enough oil 
fuel in boilers of the destroyer type to produce the same duty as that reaKsed under 
coal at great air pressure. The question of economy of fuel in destroyers when at full 
power is of comparatively Httle importance, but the production of the maximum power 
is essential ; and further experiments now in process will probably solve the difficulty 
as it has been solved in locomotive practice on the Great Eastern Eailway by the skill 
and enterprise of Mr. Holden. 
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MesBrs. Yarrow have obtained Bome highly encouraging results in two torpedo 
boats built by them for the Dutoh Government. Their process is to obtain the maxi- 
mum speed with coal under all uBual conditions of forced draught, and then to inject 
liquid fbel into the furnace above the coal, thus securing additional boiler duty 
.while leaving the whole of the grate surface available for coal combustion. The result 
was to increase the maximum speed of the vessel by over one knot per hour. Messrs. 
Thomycroft have recently made experiments, and have obtained the high evaporative 
duty of 18'95 lbs. of water per pound of oil fuel. 

The extra rapidity of raising steam with liquid fuel la undoubted, and this is a 
feature upon which much stress has been laid in recent Naval debates. So far as 
experience has shown, there is no deterioration of liquid fuel, however long it is stored 
before use. 

COHPABATIVE AdtANTAOBS AND DiSADVAHTAQES FOB MebOANTOiE ShIFS. 

The conditions which fuel most fulfil in the case of a mercantile vessel differ only 
in some respects from the conditions applying to a war vessel, the chief difference 
being that of cost. The question of direct cost is of little importance in a war vessel, 
provided the advantages above-named are really secured in practice, but in a commercial 
vessel the direct cost of fuel (although here also necessarily merged in other questionB) 
is of the first importance. Whilst the supply of liquid fuel was confined to the eastern 
hemisphere, it seemed hopeless to expect its successful commercial competition with 
coal west of the Suez Canal, because of the light freight and transport charges, 
although for the converse reason it seemed easy for oil to beat coal eaBt of the Suez 
Canal, and for some time Suez appeued to be the nearest economical station for British 
ships. The discovery of oil in Texas, however, and the splendid enterprise and 
foresight of Sir Marcus Samuel in organising a fleet of vessels for its transport and 
tanks for its storage have changed the situation, and there appears no reason to doubt 
that ports in the western hemisphere can be suppUed with oil from Texas at a cost not 
proportionately exceeding that of coal. 

The saving in stokers is considerable, although the complement should not be 
reduced below that necessary to assist the ship's engineers in overhauling, or in case of 
eme^ency. In some instances, a stokers' and trimmers' crew of thirty-two Is now 
represented by a firemen's crew of eight hands, whose duty, however, is mainly 
cleaning and helping the engineers with their greasing. The Hamburg American 
S.B. Ferdinand Ladsz was recently reported to have discharged her stokers at 
Singapore in consequence of successful experience in using liquid fuel. Some 
of the great Atlantic liners experience a difficulty in maintaining their full-power speed 
as compared with the performances when the ships were new ; this is not due to any 
deterioration in the boilers or machinery or quality of the coal, but to a difficulty 
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in getting the trimming and stoking done to the fullest capacity of the hoilers, and in 
the case of these vessels, whilst the saving of stokers' wages and provisions and the 
suhstitution of additional passenger accommodation would be great commercial gain, 
the advantage of increasing the power and speed and rendering them more uniform 
would be of even greater importance. 

In the case of medium-sized vessels working with natural draught, the advantages 
of uniform steaming, irrespective of wind and ventilation, and of large reserve of 
steaming power, are the same for liquid fuel as for every oWier system of forced draught. 

The greatest commercial gain, however, is the increase of weight and space 
available for freight. Adopting the proportion of 3 tons of coal as equal to 2 tons 
of oil fuel • we find a gain in weight of, say, 1,000 tons in the freight of a first-class 
Atlantic steamer, and a gain of nearly the whole of the bunker space, which, 
except for non-stowage in the hot parts, would be available for measurement 
freight. Allowing for these, and assuming the storage of the whole of the fuel in 
the double bottom and peaks, there would be a gain approaching 100,000 cubic feet of 
measurement made available for freight in such a vessel. The gain from substituting 
the new fuel in vessels of less steam power in proportion to the size of vessel 
would be correspondingly reduced, but it may be fairly estimated for must ships that 
25 per cent, of the space now occupied by coal bunker storage could be utilised for 
cargo by the transfer of the fuel in a liquid form to the double bottom and other parts 
not now of any direct use. 

The cleanliness of oiling instead of coaling passenger ships, and the saving of 
detention at ports of call are obvious. 

The provision of storage and pumping and ventilation arrangements and of the 
furnace gear are a disadvantage both as regards cost and weight, and in some' ships 
trouble and expense has arisen &om boiler leakage consequent upon the presence of 
water in the oil and the lack of experience of the engineers, but these difficulties are 
now disappearing, and latest developments are in the direction of simplicity and less 
first cost. 

Oil fires do not require cleaning, thus avoiding a prolific source of lost speed in 
ordinary voyage routine. 

OvL Stokage oh Boabd Ship. 

As already indicated, parts of the vessel hitherto useless except for water ballast 
or (j:g9\x water are most suitable for oil bunkers, both because of the freeing of other 



' Id locomotive boilera on the Great Eastern Railway, economical resnltB of two to one have been 
obtained. The other advantages of liquid fael make the value to oonBamers in cost of fuel still more 
in favonr of oil than theae figures. 
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spaces for cargo, and because of the immediate adaptability of the water ballast 
structure for holding liquid fuel. Lloyd's Register have pubUshed a set of rules 
applicable to existing vessels, which, although containing some requirements which 
may not ultimately prove to be necessary, are yet not unreasonable in regard to a system 
that had, at the time the rules were . issued, all the risk nf novelty. Indeed, the 
acknowledgments of shipowners are due to the Registry Committee and its officers for 
the enlightened and progressive attitude they have adopted towards this new departure 
in British .vessels. The same acknowledgments are due to the Marine Department of 
the Board of Trade, whose officers have recently been closely investigating the question 
in detail, and who are understood to have determined that, with such safeguards as 
experience has shown to be necessery, there is no obstacle to the use of liquid fuel on 
passenger vessels. The penetrating qualities of refined petroleum, or lamp oil, are 
well known, and such oil will find its way through a riveted and caulked joint quite 
tight against water under pressure. This percolating quality does not, however, 
apply to &el oil, the greater viscidity of the latter making it at least as easy to hold 
as water. It is believed that a ballast tank top or shell plating joint in way of oil 
storage, which is sufficiently riveted for water ballast, may safely be regarded as 
sufficient for liquid fuel, subject to testing to a head of pressure at least equal to the 
load water-line, and subject to all the usual requirements of separate oil-pumping pipes 
and connections, drainage wells, dunnage, and sounding pipes. 

Some additional watertight subdivision in the dquble bottom is necessary in large 
vessels to provide against the soend of a half-empty oil tank, but in vessels of medium 
and small size it is believed the usual subdivision is enough. 

Pig. 1 (Plate III.) shows the storage of liquid fuel on board S.S. Murex. This 
vessel is a tank steamer with all her tanks adapted as cargo holds to carry general cargo 
in the alternative with refined oil, and her original construction did not contemplate 
liquid fiiel. She was built by Messrs. Wm. Gray & Co., of West Hartlepool, and about 
two years ago she was placed in the hands of the Wallsend Slipway Company for 
conversion to liquid fuel buruing. Her cargo tanks have no double bottom below 
them, as they extend to the skin of the ship, but there is a double bottom A and B 
below the engines and boilers, and cofferaam& C and D at the fore and after ends of the 
cargo space, the propelling machinery being aft. These spaces, along with the fore 
and after peaks E and F, have been utiHsed for storing the liquid fuel. The settling or 
service tanks G and H have been built into the vessel at the height of the 'tween decks, 
and the process of receiving, storing, and feeding the oil to the furnace mouths is as 
follows : — The fiange Z is coupled up to the store pipe, the oil passes along the 
receiving pipes K, K, K, K, and, by means of controlling valves, is directed into the fuel 
tanks A, B, C, D, E and F, From the fuel tanks it is lifted by pumps, and delivered to 
the settling tanks G and H. Each of these tanks is fitted with a steam coil for the 
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purpose of alightly raising the temperature of the oil and facilitating the separation 
of any water the tank may contain from its previous use for water ballast. Each 
settling tank is proportioned to contain twelve hours' supply for the whole of the 
furnaces, and, after twelve hours allowed for settling, the water is drawn off the 
lower part of the tank, where it settles by reason of its greater specific gravity, and 
the connections opened with the furnaces, whilst, for the next succeeding twelve 
hours, the other tanks perform similar fanotions of separating the oil from water. 

The drainage wells required to prevent any accidental leakage getting into the 
ordinary bilge are shown at M M, with separate suction pipes and delivery pipes. 

Fig. 2 (Plate III.) indicates the general arrangement of storage of liquid fuel in 
an ordinary oargo boat with the propelling machinery amidships. 

FUBNA.CE AbBJJIQEUEHTS. 

These differ considerably, and it is certain that further advances towards perfection 
both as regards economy and maximum effect will yet be made. As already explained, 
the fuel is too stiff to be burned except after disintegration, and this is effected either by 
pulverising with steam ; or by injecting the fuel under pressure, so that it breaks itself 
against an obstacle at the mouth of the furnace ; or by vaporising by heat before the 
furnace mouth is reaohed. Mr. Howden has a modified system by which the fuel is 
injected into the furnace at the same time as air under pressure, such air having been 
previously heated by the waste gases in the chimney. This system has been very 
BuccesBfully fitted to the North German Lloyd steamships Tanglin and Paknam by 
their builders, Messrs. Workman, Clark & Co. 

All the vessels on the Caspian Sea have the direct steam pulverising system, and 
some of them have been so running for twenty years. 

As an example of the direct steam pulverising type of furnace, Fig. 3 (Plate III.) 
shows the furnace gear of S.S. Murex, already referred to. This vessel arrived iu the 
Thames last month, after a voyage of 11,800 miles from Singapore, vid the Cape, pausing 
at Cape Town for four days, and the furnaces not being touched from the beginning to the 
end of the voyage. The consumption of coal in this vessel has averaged 25 tons. Her 
consumption of liquid fuel for the same indicated horse-power has averaged 16 tons. 
A, A, A, A, are the steam-pipes ; B, B, B, B, are the oil-pipes ; C, C, C, C, the burners, 
which are hung on swivels, D, D, D, D, so as to be adjustable in position, and to be 
capable of swinging back to allow the opening of the fire-doors, E, E, which are equally 
suitable for coal when the burner orifices F, F, F, F, are closed by the pivoted slides. 
The briolcwork is shown in Fig. 3a (Plate III.) at N, N, these being the pillars and 
arches against which the flame impinges in the first instance, and at E, K, £, the 



y Google 



ON UQDID FUEL FOR 8HIP8. 61 

secondary bridges intended to baffle the flame, and prevent its too direct impingement 
upon the stay nuts at the backs of the combastion chambers, the tnbe-ends, the 
saddle-plate seams, and other parts liable to injury by the intense local heat generated 
by liquid fuel under steam impact. 

Fig. 4 (Plate III.) shows the steam burner of the Rusden Eeles type in section. 
It will be seen that the annular orifices, both for the admission of steam and oil, are 
adjustable whilst the apparatus is at work, and this exact adjustment appears to be 
an essential condition to obtain the best results. 

Fig. 6 (Plate IV.) shows the steam burner of the Holden type, which baa the same 
facilities for adjustment, but the steam in this case passes through perforations in 
the outer ring A, A, and draws an additional supply of air into the fiimace. 

[ Specimens of these burners, and also of & simple non-adjostable bnmer made of gas piping, were 
laid on the table at the Mooting.] 

During the development of the liquid fuel system in the Mercantile Marine some 
doubt has been expressed by shipowners as to the possibility of quick reversion to coal 
if the supply of oil should fail, or if the cost of oil should suddenly be raised. To meet 
this difficulty, and to demonstrate the facility of interchange between the two fuels, the 
furnace of s.s. Trocaa (Fig. 6, Plate IV.) was designed and fitted by the Wallsend Slipway 
Company, who have already fitted over fifty steamers to bum liquid fuel. In this case 
the fire-bars are left in place and covered with a layer, about 8 in. mean thickness, of 
broken firebrick A ; behind is the bridge B, and above that again is a firebrick 
protection C, as already described, and a brick lining at the back of the combustion 
boxD. 

To change firom oil fuel to coal, it is necessary to swing back the burners quite 
clear of the fire doors, and lay them back against the boiler fronts ; to open the fire 
doors and rake out all the broken firebrick ; to lay the bars with coal, and to ignite it 
either in the ordinary way or by means of the oil burners. These operations were 
demonstrated on the Trocas at a sea trial in September last, and in twenty-eight minutes 
after steaming full speed under oil the vessel was steaming full speed under coal. On 
the whole, however, experience of long passages is against leaving the fire-bars in the 
furnaces whilst working imder oil, and the change from one fuel to the other can at 
the worst be effected in a few hours. 

Fig. 7 (Plate IV.) shows the general arrangement of B.S. Trocas. 

The consumption of steam for pulverising is estimated at 0'2 lb. per I.H.P. per 
hour. Large interchangeable evaporators are fitted as part of the liquid fuel outfit, 
usually in three interchangeable sections, and when these evaporators have been 
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worked steadily and saoceBsfoUy, no ill effect whatever has shown itself upon the 
boilers. Two small homers in each fomace are preferable to one large burner, as being 
more easily adjustable, and maintaining continuity of flame without interruption. 
The loud whirring noise which made the earlier steam burners so objectionable has 
been quite abolished in those of recent manufacture. 

The system fitted to the Hamburg-American S.S. Ferdinand C. Laeisz (Fig. 8, Plate 
IV.) is that known as the Korting system, and does not involve the use of direct 
steam for pulverising the fuel. After water separation in the manner already described, 
the oil is raised by a steam pump, and is heated to about 60° Centigrade by a heater 
on the suction pipe ; it is also filtered before reaching the pump valve. It then pasfies 
through the pump, and is dehvered to another heater, which raises its temperature 
to 90° Centigrade, and at this temperature, after further filtration, under a pressure of 
30 lbs. per square inch, it is injected into the furnaces. In the act of injection a spiral, 
or centrifugal, motion is given to the oil by a screwed needle, and this, added to the 
pressure from the pump, and the softening effect upon the oil of heating to high 
temperature, causes the oil to spray and ignite. The fire-bars are left out, the 
furnaces are bricked right round, and air is admitted to the furnaces through perforated 
gratings, fitted with adjustable covers. This system has been so successful that the 
Hamburg-American Company have fitted four vessels with it. 

The Meyer system, fitted in the vessels of the Dutch Steam Packet Company, is 
also worked without steam jet, and depends largely upon the assistance to combustion 
of air heated previously to its meeting the hquid fuel. Figs. 9 to 12 (Plate IV.), show 
a furnace on the Meyer system. The furnace is prolonged by an annular extension B. 
This extension is provided with spiral partitions, C, C, C, intended to give a whirling 
action to the air as it enters the furnace, the air as it passes through these spiral 
partitions being heated from the combustion inside the extension of the furnace proper. 
The injectors or burners for the oil are on the Korting system already described. 
There are dampers, E, E, E, to control the admission of air. The Meyer system has 
now been in use fw two years on several Dutch steamers, and with great success. 

In the Eoumanian service, vessels have been mnning with liquid fuel arrangements 
of a generally similar character. 

It is believed that the present stage of advancement fif this interesting question 
has now been generally described, and that the widespread attention and steady 
application of scientific research now being brought to bear upon so important a subject 
must lead to great developments in the near future. 
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DISCUSSION. 

The Presuent : Gentlemen, we have heard a most interesting paper from Sir Fortescue Flonnery 
upon a matter of great importance to the ships of the future, and I thought I might make a small 
addition to his statement about the future of oil fuel. It is this : I have just come from Egypt, and I 
dare say you remember a little while ago a report, which was said to be unfounded, about the finding 
of a petroleum field in Egypt upon the borders of the Bed Sea. I inquired about it when I was there, 
and I was told that, although it is not yet an absolutely established fact, it will very shortly be ao. 
They have got so far in their boring that a very large jet of gas, which scientista assert meaua the 
presence of petroleum, come from below, and they are confident, from the indications on the surface, 
that there is a large field of petroleum there. If that is so, it will no doubt be a source of great 
wealth to the Egyptian Government, and of great convenience to vessels going through the Canal, which 
require a supply of that fuel. 

Mr. Francis Eujar, LL.D., F.It.S. (Vice-President): My Lord aud Gentlemen, I am really not 
properly able to open the discussion, but I feel that we are much indebted to Sir Fortescue Flannery for 
coming here to read this interesting paper ; and, although I cannot say much upon it, I should be 
pleased if he would allow me to ask one or two questions, in the hope of gaining still further informa- 
tion. Sir Fortescue Flannery has presented the oil fuel question to us, as it seems to me, in a very 
clear and interesting way. It is a question that is rapidly forcing itself to the front, and one that all 
who have to do with ships may soon require to take into practical account. On the other side of the 
Atlantic, owing to the recent discoveries (referred to in the paper) of oil in large quantities in Cali- 
fornia anJd Texas, there is a great deal now douig in the way of building ships for the utilisation of 
oil fuel, and of altering for oil fuel ships that are already built or building. Sir Forteacue Flannery 
does not state — and I do not know myself — whether there are ample means in existence, or being 
provided, for laying down oil fuel in this country, so as to put English shipowners in the same position 
as American shipowners tor obtaining oil fuel at a paying rate for ships trading to and from home 
ports. I mean, at a rate at which oil fuel would be able to compete advantAgeously with coal. Another 
question I would like to ask is with reference to the figures upon page 55, which give the relative efficiencies 
of coal and oil fuel. The only kind of oil fuel I happen to know anjthing about, or to have any 
jjarticulars of, is the Texan. Some American shipowners were going into the question of the use of that 
fuel a few months ago, and I was told by them that, according to the best information they had, they 
did not consider it was safe to rely upon a higher efficiency for this oil than would be given hy 
allowing four barreb, or 200 gallons, for one ton of coal. Now, that works out in stowa^ space at 
about 32 cubic feet of Texan oil for 1 ton, or, say, 45 or 46 cubic feet of coal. With regard 
to weight, it appears to work out at about 5 tons of oil for 6 tons of coal. If my information is 
accurate (and I am unable to judge of that), the relative efficiencies given in the paper would be con- 
siderably altered. Of course, this is entirely a question of data, which experience alone can furnish. 
It would add greatly to the value of the paper if the author could give us some practical data, or 
actual results of experiments, that would enable a reliable estimate to be made of the quantities of 
different kinds'of oil that are found to be respectively the equivalents, in practice, of one ton of coal. 

Mr. A. F. Yarrow (Vice-President) : My Lord and Gentlemen, Sir Fortescue Flannery has asked 
a question with reference to three first-class torpedo boats built by us for the Dutch Government and 
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which were fitted for oil fuel. They were not fitted with the oil fuel arrangements in order to get an 
additional maximum speed. The cose was this : the engines were proportioned, together with the 
boilers, to provide as much steam with coal as the engines could use. Therefore, any increased 
evaporation would not be of much use, because the engines were not designed for it ; but the 
oil fuel arrangement was fitted so that, after a long run, when the fires were dirty, it might happen 
that the maximimi speed was required, and the steam generating power of the coal could then be 
supplemented by the oil. It appeared to work exceedingly well, and, if I remember rightly, after 
running some long time, when the fires were in a dirty state and the speed fell about two knots in 
consequence, by turning on the oil we could regain the two knots lost. For a short time, it is, 
I think, quite legitimate to use oil in this way, and to consume the steam for the sake of burning 
the oil. Of course, without very extensive means of producing fresh water, it would not be wise to 
use steam continuously for burning oil, but for a short period of an hour or so, for example, it would 
be quite legitimate to do so, and I think the oil fuel arrangement, viewed in that Light, may he 
considered as a very suitable fitting to any vessel at the present time. The only question I would like 
to ask Sir Fortescue Flannery is thb : If I understand rightly, the Ebrting system requires no 
steam, and the Meyer system also requires no steam. Now my impression has been that the reason 
that oil fuel has not been used up to now, is on accotmt of the difficulty that is experienced in 
burning the oil, except by means of a st«am jet, and the consumption of water is consequently 
very considerable — I think the author puts it down at 0'2 per cent. 

Sir FoHTESCUE Flannebt: 0'2 per cent, per I.H.P. 

Mr. Yabbow : That involves a considerable loss of steam, and if the two arrangements or either 
of them — ^the Meyer or the Sorting system — can bum the oil equally as efficiently as with steam, it 
looks as if the steam system is imdesirable. I should like, however, to know whether these two methods 
are equally aa efficient as the steam arrangement, and, if they are, why should not either of them 
be used and steam be abandoned ? I thuik that if any method that does not involve the loss of 
fresh water could be adopted, and it proved to be a success, it would facilitAte very much the introduction 
of oil fuel. 

Admiral the Hon. Sir Edmund Freuantlk. G.C.B., C.M.G. (Associate) : My Lord Glasgow and 
Gentlemen, it appears to me that the question of liquid fuel ia one which must interest us very 
largely in the Navy. Every executive officer and every engineer will, of courae, feel that it is a very 
important question, and we are accordingly very much obliged to Sir Fortescue Flannery for bringing 
it before us. It is evidently an engineer's and a constructor's question, but chiefiy a constructor's, on 
account of the amount of weight and space which can be saved. We all regret not to see Sir William 
White here, for I could imagine his delight if he were told that, in a ship like the Majestic, he 
could use oil fuel. As far as I can recollect, from what the author has said, it would be a matter of 
something like 600 tons which would be saved, that is, if 2 tons of oil will do the work of 3 tons of 
coal. If she stowed about 1,800 tons of coal, I estimate that there would be a saving of at least 
600 tons in weight of fuel alone, and in addition to that, we have, as was remarked by the author, 
the saving of weight in the reduction in the number of stokers and all their requirements. It is, like so 
many other things, a question of cost, though not entirely so, because it ia a question of where the fuel 
(whether coal or oil) is produced. Admiral Selwyn's name was mentioned, and I haVe often heard 
him, at the United Service Institution and elsewhere, advocate the claims of liquid fuel. He always 
used to say that liquid fuel was the right thing to use, and he alwa^'s maintained that it was to be 
had in England, in Suffolk and in Kent — and if you bored deep enough, you would get to the shale, 
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and it could be used for liquid fuel. On that point, I should like the author to be kind enough to tell 
U9 whether it ia thoi^ht at all probable that we could find oil in this country, because, from a national 
point of view, it is obviously veiy important that we should have the oil in our own hands, and not 
in those of our possible enemies. It so happens that we have coal in this country, and that it b 
cheap ; but we have no oil, and what oil we can get here is dear, and, under those circumstances, you 
cannot expect the Government to be very keen about fitting ships so as to bum oil. Another thing 
lias been explained to some ext«nt by the author, and that is this: It has always appeared to me 
very strange that, whereas ships in the Caspian Sea have undoubtedly for the last quarter of a 
century been using liquid fuel, the latt«r has never got further than the Caspian. That has been to 
some extent explained by the facilities there are for disintegrating the oil, and on account of the presence 
of fresh water. I do not quite understand the process which has to be carried out to make liquid fuel 
available (although I believe it was fully explained m the paper), but it seems to me to be a little 
complicated, and after hearing Mr. Yarrow, I think it is rather more so! There is one thing which 
everj'l}ody has remarked : We are told again and again in lectures that this fuel can be burned so as 
to be as smokeless as Welsh coal, and yet in our experience and in our experiments, the common 
expression is " that horrible ship is attempting to bum petroleum." The Surly was a well-known case 
in point. All of us have our prejudices, and we are vei^ conservative in the Na^■y ; and when we 
see a vessel smoking very badly — which is a drawback both from a military and from an lesthetic point 
of view — we naturally object to it. In conclusion, I hope Sir Forteacue Flannerj' will kindly explain to 
us whether there is any likelihood of getting this oil from any district in England or from other pari? 
of the Empire; I understand that there are oil wells in Canada, but I do^not think they have 
been alluded to by the author. '1 ' fi ' '' 

Mr. B. Maetell (Vice-President): My Lord, this question of oil fuel has occupied so much attention, 
and is now coming to the front so rapidly, that I think we are greatly indebted to Sir Fortescue 
Flannery for the manner in which he has brought these facts before us, giving us the results of 
his experience, and also for the great enterprise of Sir Marcus Samuel in doing what he has 
to utilise oil, because, although we know that there is an illimitable supply of oil in the Fknpire, 
the fact is that we could not get at it for useful purposes. The enterprise that Sir Marcus Samuel dis- 
played was to purchase land producing an unlimited supply of oil, and to build ships suitable for the 
purpose of carrying it. Now it was thought, when Sir Marcus Samuel advocated the carrying of 
oil — such offensive, abominable stuff as oil — out from this country and bringing home grain, which 
nas liable to deterioration from the actual smell alone, that he was displaying considerable temerity 
in undertjiking it. The general opinion was that this could not be safely done, that underwriters 
would not insure such ships, and that it was impossible to effect the two purposes. It has, however, 
been done over and over agam, and imderwriters now are just as free and just as willing to insure 
these shijjs one way as the other. I think that is a remarkable thing. We ought to give praise where 
praise is due, and we certainly ought to give it to one who brought forward an idea which has woi^ed 
out ao successfully. With reference to what Mr. Yarrow has referred to in particular, namely, 
the use of steam, and also with regard to the other burners that we have here on the table, Lloyd's 
Register Committee took a very great interest in this matter on its first introduction. There were two 
great points that were considered. One was the danger of having a combustible substance in the engine- 
room near the fires, and the second was the great waste in using steam and the difficulty in utilising 
it to ite full extent. Well, gentlemen, it is very pleasing to hear from this paper that we now have 
something that will avoid the use of steam. I agree with Mr. Yarrow that, if we can find that, 
then the proper coiune to pursue is to adopt what is best, what is most economical, and what, I 
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am sure, will commend itself to all those who liave to do with this aubject. The advantajirea derived from 
the use of oil on board men-of-war cannot be doubted after what is stated here. It is a matter that 
would place us iii a verj" different position indeed from our present one, when we have to have either 
coaling transports or coaling stations for our men-of-war. Now this seems to point to a way of 
doing it in a manner that must corpmend itself to everyone who wishes to see a saving in the 
working expenses of our men-of-war. The Admiralty are verj- conservative, as Admiral Freinantle 
has said, and we know it to our cost. But it is very much to their credit that they have now placed 
sliips in a position to give accurate information with regard to the difference in the expense of 
using oil and using coal. There is also the desirability of ascertaining accurately whether it is 
possible tor us to look forward to obtaining oil on this coast, referred to by Dr. Eigar and 
Admiral Freinantle. That question is of very serious imiwrtanee. I do not think we should get 
enough sliale oil for the purpose. However, probably Sir Fortescue Flannery can tell ua more 
about it, I well remember looking at the ship built by Messrs. Gray & Co., that he refers to here, 
and, although she iias not, as he sav-a, built expressly for carry^ing oil, still she was built with 
perfect cai^ tanks with double bottoms, and all the arrangements of the best constructed merclmnt 
vessels, and it is verj" gratifying to find that she has performed her work bo well that she is suitable 
for any trade. That only goes to show that any ship that will do for general trade purposes will do 
for carrying oil, either separately with grain or merely as deadweight alone. In conclusion, I 
can only say that we have been exceedingly gratified to listen to this paper, and I think it will lead 
to much good in setting the minds, more particularly the younger minds, of engineers and of those 
belonging to this Institution, to work. We older ones are done, we have got past that stage, and 
we are now looking fonvard to the younger ones to turn their attention to new projects of this kind, 
so thatjthe old country ma\^ reap the benefit of it. 

Mr.^ H. F. Swan (Member of Council) : My Lord and Gentlemen, after what Mr. Martell has 
just said, I feel some diffidence in getting up to 3i>eak, as I am afraid I am not one of the younger 
ones to whom he has refen-ed. It seems to me something like thirty years tluit we have been in the habit 
of sending vessels out to the Caspian fitted for burning oil fuel; in fact, the burning of oil in the 
Caspian was quite common before the tank steamer was in operation there. As most of you know, 
the comitosition of Russian oil is such that there is a ver}' lai^ proportion of "residuiun." which is 
technically called " astatki." There was an immense supply of fuel, so much so that at times it was 
allowed to run into the sea, and the difficulty was, in fact, how to get rid of it at all. Hence, for a 
great many years, while eveiy steamer was burning it, there was no effort made to do so economical h. 
The burners ui use were of a crude description, and often consisted merely of concentric tubes, one with 
oil, the other with steam by which the oil was spra)'ed. In recent years, when the supply of fuel in the 
western and eastern portions of the globe became accessible, engineers set to work to devise more 
useful means of burning it, and they have now arrived at a considerable degree of success in that 
respect. In constructing boilera for burning liquid fuel, there is a great deal to be kept in view. You 
must have long tubes that are small in diameter, and verj- lai^ combustion chambers, otherwise 
the risk of damaging the boiler is considerable. I believe, in many cases, boilers have been damaged 
by the ^-ery means that were adopted to protect them, viz., a large amount of fire-brick. I do not 
quite agree with what Sir Fortescue Flannerj' has said regarding the water in the oil coming over 
from the ballast water, where oil has been carried in the ballast tanks. Some of the oil which has 
been used in i-ecent years has contained a very large amount of water, as it comes from the earth, 
and the result has Ijeen to cause very great damage to the boilers from racking strains, owing to the 
bumei-s being constantly extinguished by the water getting into them. I am a thorough advocate 
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of oil fuel, and I am quite persuaded that it is merely a queatioo of £ s. d. In these last few years 
we liave seen very great developments Irath in the East and now in Texas, which go to pro\e that oil 
fuel in the future will be one of the elements to be taken into consideration. The comparison with 
the cost of coal is the only question. If the result which the author has mentioned, of the Murex 
having a consumption of 16 tons of oil as compared with 25 tons of coal, can be obtained in regular 
practice, then I think a very great step has been attained towards its general adoption. In speaking 
of the advantages of oil, especially in tlie case of the Navy, I do not think the author has really taken 
sufficient credit for the advantages gained as regards trimming, especially in war vessels, where there 
are ail kinds of irregular spaces — sLx inches, a foot, or even eighteen inches wide — which cannot !» 
used for coal stoi-age, but into which oil would flow automatically when loading, and from which it 
could be withdrawn without the slightest trouble, just as easily as if it were in a s(juare box ; 
and tliat is, of course, of the very greatest importance in a war vessel. ' ^ 

Dr. P. DvoBKOViTZ (Visitor) : lly Lord and Gentlemen, I am a stranger here, but I have followed 
Sir Fortescue Flannery's paper with regard to the adoption of liquid fuel with very great interest. 
I have l)een connected with this subject in Russia, at Baku, from the beginning, and there is no doubt 
tliat the use of liquid fuel has already proved everywhere a great success from every point of view. 
During my last visit to Texas I personally investigated the oil fields there, and I had an opportunity 
of inspecting the Ixiilers of the Lucania, and I made some calculations which I think will prove that 
an enormous saving in labour, and also in money and speed, will accrue from the adoption of liquid 
fuel. There are a few points in Sir Fortescue Flannery'a paper, and the first ia this : he regrets that 
there is only one place in the British Empire where liquid fuel is available, namely, Bumiah. I 
think he should not leave out Canada, where we know there are 10,000 wells. It is quite true that 
the production per well is veiy small, but their cost is also very small. In Canada alone they produce 
now alwut thirty million gallons of oil per annum, and, now that British capital is about to develop 
the Canadian oil fields, I am quite sure that ^^■e ha^-e a very large source of supply there. Mr. Yarrow 
mentioned the question of steam. Certainly, with regard to torpedo boats, it may be a difficulty, but 
in large steamers, with extra condensers and so on, I do not think this question of using steam will 
stand in the way of adopting liquid fuel. As the author has sho\\'n, the result, based on two years' 
data, has Ijeen that the Murex, steaming with liquid fuel (taking into consideration that extra water 
had to lie evaporated for the liquid fuel), consumed 16 tons of oil as against 25 tons of coal, and that 
seems to me to he a result which no doubt will be achieved everywhere. Then there is a question 
aljout water. I think it was mentioned here twice that water was mixed with the oil. Water should 
not be in the oil at all. The residuum in Bussia, and also m Texas, is a product .which in the 
course of the distillation of the oil — for separating out certain most valuable parts, such as refined oil 
and lubricating oil — is subjected to a very high temperature, in fact, to something like 400 degrees 
Fahrenheit, and at that temperature no water could be present. If water is present in the oil, the 
consumer should demand to know why it is there, because it has no business to be there. The question, 
therefore, is entirely, as Colonel Swan has said, one ot £ s. d. It is quite true that, until lately, this 
question could not be solved, that is, until the discoverj' of the Texan oil fields, but this discovery 
lias shown that oil could be delivered at 7a. 6d. f.o.b., and, takmg the cost of freight and i!torage 
accommodation here in the United Kingdom and everywhere else, we ought to be able to receive it at 
from 30s. to 32s. 6d., so that it would be available at every port m the United Kingdom : and I 
maintain that, at such a cost as that, liquid fuel might he substituted for coal in a great many c^es. 
I would just tell you what I have told my American friends, that they should not go too far. They 
should never think that oil will be a substitute entirely for coal everywhere. Alter all, the ijroductiou 
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of coal is now 800 million tons all over the world and the production of oil ia only 20 millions, and it is 
a far cry to say that we are going to substitute 20 million tons of oil lor 800 million tons of coal. 
Tinder certain conditions, with passenger vessels, men-of-war, and for various other purposes, I foresee 
there is a verj- good market for liquid fuel, but it will not disturb in any way the market for coal. 

Herr L. GCmbel (Associate) : My Lord, I would like to ask Sir Fortescue Flanneiy if he would 
be kind enough to give us the evaporating power of Mr. Thomycroft's boiler when using coal, because 
I consider those figures to le rather important for comparison. 

Sir FORTESCUE Flannmit : Mr. Thomycroft, who is here, would be better able to do that. 

Mr. J. I. Tbobnycbopt, LL.D., F.R.S. (Vice-President) : Burning oil is not so simple as it would 
appear to be at first sight, and I cannot aay that we have, up to now, perfected the thing. The 
evaporation which we obtained seems to be very high, but before sending the record to the Institution 
I should like to verify it,* Perhaps there is one thing which I might state, and that ia, that the 
amount of water used in some of our experiments certainly was a great drawback. We made experi- 
ments some years ago, because we were asked to fit liquid fuel apparatus in a lifeboat, and for that 
purpose we found that there was very considerable difficulty. With regard to burning oil without 
. using steam to disintegrate it, I think what has been said in the paper is very interesting and valuable, 
and, if I might give it an explanation, I would like to say that, if you ttdte the oil and disintegrate 
it with steam, you do two things : you heat the oil with the steam, and you do a considerable araoimt 
of work in what some people call " pulverising " it (although I hardly like to use that word when I 
am speaking of a liquid). If you are going to do it more purely mechanically, and not to use steam — 
if you attempt to use cold air, the expansion of the air cools it, and the surface tension of the liquid 
is greater. In Sir Fortescue Flannery's description here, the oil is heated and filtered. If it is heated 
to a high temperature, the more it is heated the less the surface tension of the liquid becomes, 
and the less work there is required to reduce it to the proper fineness for combustion. By 
that method, I certainly see that there might he success, which, I understand from the paper, has 
already been attained. Getting over the difficulty of using steam, as was pointed out by Mr. Yarrow, is 
a veiy great advantage. 

Mr. J. Melrose, R,N. (Visitor) : My Lord and Gentlemen, as a humble representative of H.M-'s 
Navy, I should like to make a few comments on the very interesting paper wliich Sir Fortescue Flaunery 
has read to us. It has been presented to us in a very attractive aspect — persuasively attractive — ao much 
so, that if I were not an engineer in H.M.'s Navy, I should think the time had come to resort to 
the use of liquid fuel immediateh' without any hesitation. But we have only had presented to us the 
advantages of its use, and that xmder very roseate conditions. It would be as well, perhaps, to inquire 
into some of the possible disadvantages; and reference has been made by one or two of the gentlemen 
who have spoken, to the possible disadvantages of having water intermixed with the oil. The effect 
of that, as the author has pointed out, has been to injure the boiler when oil has been used. The amount 
of water that may be present with the oil is a verj' variable quantity. I have heard on verj' good 
authority, from a gentleman who has had some experience with the composition of oil fuel, that he has 
found it to vary from 3 per cent, to 40 pei' cent. It is manifest that if we have to use a fuel that 
can contain 40 per cent, of water, some of its properties must be ver)' considerably depreciated, because 



* Mr. Thomycroft regrets that the duration of the trials referred to was not long enongh to allow 
him to publish the apparently very high results recorded. — Ed. 
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an admixture of water with oil not only produces the effect described in the paper, but it extinguiahea 
the burners during their operation, and the result of that is, or may be, that, if the burner is not im- 
mediat«ly re-ignited, and the oil still continues to flow as well as the water, the high temperature 
existing in the furnace would be presently succeeded by an explosion resulting from the vaporisation 
of the oil that was admitted subsequently to the extinction of the burner, and the admixture of the air 
coming into the furnace at the time. That may \x a danger. Mr. Mart«ll, I think, referring to the 
Admiralty, charged them with being very conservative, and doubtless they are so in a great many 
cases, but the Admiralty have had this under their notice for a considerable number of years now. 
Twenty-five or thirty years back, they were experimenting with liquid fuel at the time the late Admiral 
SelwjTi advocated its adoption, and many experiments have been carried out at Portsmouth. The result 
of those experiments showed that the additional value of liquid fuel as compared with coal did not reach 
anything like the 50 per cent, claimed in the jmper, but reached possibly 33 per cent. — one- 
third. The theoretical calorific value of the beat Welsh coal may be taken as 15 lbs. of water 
evaporated per pound of coal. The theoretical calorific value of oil fuel of the chemical constituents 
given in the paper would work out to 20 lbs. That shows an advance of one-third, and not 
one-half. The value of the oil theoretically would, then, be one-third more than the value of the coal — that 
is, in its evaporating power. I have been eng^ed for some little time past in making experiments with 
oil fuel, and I hope to prosecute them still further, and to obtain a considerable advance upon what has 
already been arrived at, which, I am sorrj' to say, does not reach anything like the figures given in the 
paper. It is quite possible that, although the difference between the theoretical calorific value of liquid 
fuel and coal is not so great as is represented in the pa|)er, it by no means follows that in actual practice 
such as has come under the obser\-ation of Sir Fort«8cue Flannerj' in the Mercantile Marine, a value 
of 50 per cent, better than that of coal could not lie attained, because if the liquid fuel is effectively and 
perfectly consumed during combustion, there would be no loss as compared with coal. There must be 
a residue from coal — I mean apart from the actual inorganic substances— tliat cannot be burned. 
There is always ash which would still have some calorific value if it were burned out, and there is aiwaj-s 
loss in good coal going up from a stokehold plate with the ashes pulled out from the fires. There is no 
loss of that kmd with oil. The use of oil in the merchant service has undoubtedly been attended with 
a considerable measure of success. It may be doubted, perhaps, whether the full power has ever been 
realised by the use of oil fuel alone. I think it has been apjiroximated to, but possibly not exactly realised 
without the production of smoke. The production of smoke is a very easy matter, as is pointed out m 
the paper, with unskilled attendants. Smoke, when it does come, comes verj- plentifully, as Admiral 
Fremantle has pointed out with reference to the SuHy. It comes without any doubt, and so black 
that you cannot see the smi through it on a bright day. This means that a great deal of the oil that is 
going into the furnace has not been consumed, but is lost entirely, and a great deal of it goes up the 
funnel. In the merchant service, happily, their boiler arrangements are sufficiently large and roomy 
to enable a rate of combustion to be effected which will pretty nearly realise their full power, but, 
unfortunately, in comparing the conditions which would exist in a S&vy boiler and a Merchant 
service one, we find them so enormously different tliat the two problems are entirely distinct, and the 
aulutioD must be attained by some other means, at present unknown. One of the dominant factors 
in the case of the combustion of liquid fuel is undoubtedly space — the space available for com- 
bustion. The practice in the successful steamers in the merchant service has been to realise pretty nearly 
their full power at a combustion of al»ut 2i lbs. of oil, (ler cubic foot of space— that is, of space 
available for combustion. In a hoitei- of the Surly class, to which reference has been made by 
Admiral Fremantle. to attain the required poner, we should have to bum, at the verj- least, 12 lbs. 
per cubic foot of space with jwrfect combustion, but with imijerfect combustion we should 
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require to bum from 15 lbs. to 20 Iba. The very large differeuce between the combustion of 2J lbs. 
per cubic foot and 20 lbs. is one that introduces inconceivable difficulties. For effective combustion 
of course, it is necessary to have introduced with the oil the required quantity of air, but, so far 
as my experience goes, it is quite uncertain and unkno^vn what ia the beat place to admit the 
necessaiy quantity of air. The difficulty connected with air admission has not been unknown in the 
merchant service, because we have had some recorded eases of the re-ignition of the gaaes in the 
i-oot of the funnel, producing overheating in the uptakes. We have had the same thing under 
obBer^'ation in an experimental boiler that we have had at work recently, and it is very curious to 
oliser^e the effects of a difference in the position of the entrances for the admission of air. In the 
pajier, reference is made to the furnace, and the author points out that it is necessary to have a special 
ari'angeinent of furnace to ensure combustion of the oil. With a sufficiently large furnace, and a 
proper amount of brickwork, I do not think there would be any difficulty whatever attending the 
combustion of the oil — a combustion that should reach very near perfection. There would be no amoke, 
no residue, and no trouble other than that due to the presence of water to some extent in the oil ; but, to 
secure the best method of consuming the oil in large quantities in a furnace, it would be absolutely 
essential to have brickwork for the maintenance of the necessary amount of heat to provide for ignition 
and subsequent combustion. Tliat condition of furnace can be provided for ui a merehaut 8er\-ice 
Ijoiler, but not so readily in a Na^y boiler, mainly owing to the want of space. Another of the attrac- 
tive features attending the use of oil given in the paper is that we are going to abolish the stoker. Now, 
the stoker is a very useful man in our service. The term " stoker " is not a good one nowadays, for the 
Naval stoker really has to be a meclianic, and a fairly good one, too ; but, at any rate, I do not think it 
follows, because we can get efficient burners, or get oil to bum ui sufficient quantity to reach our power, 
that we are going to get rid of the stoker altogether. Sir Fortescue Flannery hardly appreciates the 
difference between steaming a merchant vessel and steaming a man-of-war. With regard to the 
former, as soon as she is clear of the port, her speed is uniform until she makes lier next port of destmation, 
and the stoker, as he turns on the oil, and if the burners are satisfactorj-, can practically sit down and 
watch his gauge glass and have nothing whatever to do. But with a man-of-war, esjjecially in fleets, 
as everyone knows, the variation in the speed is so continual that it would not be an ex^^ration to 
say that an alteration of speed would probably take place on an avera^ everj' three minutes, and very 
often less than that. An alteration of speed means the alteration of the burners, because the rate of 
supply of the oil to the fire, and also tlie rate of supply of the steam, must be controlled as frequently and 
as rapidly as the chauge of speed, so that you always will have to preserve skilled labour sufficient to 
lie able to control the burners, even when they are perfected, and I do not think we have quite reached 
that stage yet. I did not quite understand from the paper wliat the author's object was in showing us 
the more primitive type of burner, whether he wished us to infer that there was verj' little difference 
in the efficiency of the burner, between the primitive type and the more highly developed t>i}es of 
Holden's and Rusden & Eeles' burners. The most efficient type of burner would l)e that which it 
capable of most perfectly diffusing or spraying the oil under eitJier compressed air or steam, and which 
most finely atomises it and prepares it most readily for ita conversion into gas by the application of heat. 
Sir FOKTESCUE Flannery, M.P. (Member) : My Lord and Gentlemen, let me claim the indulgence 
of the meeting whilst I refer in the order in which the observations were made to most, if not all, of 
the speeches which we have heard during this exceedingly interestmg discussion. Dr. Elgar referred 
to the'alteration of vessels that is taking place in New York. I happen to have some particular 
knowledge of what is going on in New York, and many of the plans of the alterations have been before 
me. I can assure Dr. Elgar that the statements which liave come from some of the oil people in 
Texas, so far from confinning his ideas of 4 to 3 instead of 3 to 2 are so highly coloured 
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Dr. Elgak : They are not my ideas ; it is what I have been led to imdorstand from the other side. 

Sir FoETESCl'E Flankery : The ideas that were communicated to my friend. 

Dr. Elgar : 200 American gallons are equal to 160 Englisli gallons. 

Sir FoBTESCLE Flannery : I follow that, and I am obliged. I was going to aay that the figures 
which reached me from America from aonie of the oil people there are entirely different from the figures 
which have reached Dr. Elgar. It has been claimed that the Texas oil is equal to 2 to 1 as regards 
coal. I have regarded that as an American statement, and I have not put it forward at all. I should 
like to answer Dr. Elgar's point in a word, and to say that whilst I know Borneo oil from actual experi- 
ence from log books which have come before me, from voyage to voyage, containing results extending 
over two years and lesser periods as regards burning oil, I have no actual experience with Texas 
oil as yet to show the relative calorific value in practice of that oil. The Texas oil people claim tliat 
it is better than the Baku oil. The chemical analj'sis seems to indicate that it may probably be taken 
to be as good, but whether in practice it will give us such satisfactory results as the Baku oil, I am 
not able to say. Then Dr. Elgar asked as to the oil stations, and the regularity of the supply of the oil 
to this countrj'. Of course, nothing could be more important than that question, and nothing is more 
actually applicable to the immediate question which shiiwwnera have to deal with, I may say that 
there is aheady in London a station which has a stoi-age capacity of 30,000 tons of liquid fuel, and 
that regularly, almost every week now, \-essel3 come there to receive into their bunkers liquid fuel from 
the tanks which are situated at Thames Haven. Tanks for liquid fuel are in greater or less progress 
towards completion in the T]nit«d Kingdom at Liverpool, at Southampton — where a site has been 
arranged for — at Birkenhead, and at Barrow ; and on the Continent the Hamburg-American Company 
are erecting or have partially erected their own storage tanks in Hamburg for their own fleet. Now, 
my Lord, as to the question of the actual compamti^■e efficiency of coal and oil fuel. I have referred 
in my paper to the Murex, giving the figures of 25 tons of coal on an average over a period of six years 
or more, and the figures of 16 tons of oil with ap|>roxiinately the same I.H.P. and speed of vessel. 
I was asked whether there were not other examples which I might quote. I am very glad 
therefore to mention a larger A'essel, the Strombua. built by our friend Colonel Swan, who has 
addressed us in the course of this discussion, and who is perhaps more entitled to speak on this subject 
than most other shipbuilders, because he is chairman of the Wallsend Slipway Company, who have 
fitted some fifty vessels for liquid fuel. The StTombus humed about 43 tons of coal durmg her career 
and about 30 tons of oil — it has l«en as low as 2H, but I always ])refer to keep well within bounds, and 
therefore I speak of it as 30 as compared with 43 tons of coal. Those are practical figures. There are 
also two other vessels, the Haliotis and Trigona, built about four years ago by Messrs. Armstrong, 
Wbitworth & Co; from Colonel Swan's designs. The figui-es as regards coal on the outward voyage, and 
the oil which they use now and have used for fully three years, are rather more favourable in point 
of consumption than those which I have just given. Tlien there is the Ferdinand 0. Laeiaz, the first 
steamer of the Hamburg-American Company which gives about the same ratio of results, that is to 
say, about 3 to 2 ; it is rather less favourable in the case of the Ferdinand C. Lamaz than with regard 
to the other vessels which I have named. Mr. Yarrow mentioned in his short speech a most 
important point, that is, the doing away with the consumption of steam for spraying the oil. Ko 
engineer requires to he told how injurious it is to boilers to take away the live steam and so reduce 
the fresh water; unless, of coiirse, you have the [Xiwer, by evaporators, of supplying the water 
again, not only fresh but also hot, otherwise your boilers are sure to suffer injury. We find it 
necessary to have about double the evaporative power that the makers tell us the evaporators will 
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produce. X do not want to say a word against evaporators, but in practice, allowing for inefficiency in 
management and so forth, we find we cannot very easily have less than double the evaporative power 
which is estimated. I have had figures taken out very carefully, with the result I have given of 
about 02 I.H.P. per hour for the consumption of steam. But although that is not a very large con- 
sumption, and although the total economical consumption, which has been named, includes the raising 
of steam for the purpose of pulverising, yet no one can deny that it is of the utmost importance to 
get rid of the steam if you po^ibly can. Therefore, I join with Mr. Yarrow in looking hopefully 
to these other systems of vaporisation and of injecting the oil under pressure; but I am bound to 
say that, up to the present time, they have not been so economical, in point of consumption and 
of general economy of oil consumed versus power produced, as the steam-driven apparatus. There is not 
a very great difference, but the difl'erence, such as it is, is rather against the pressure-driven apparatus 
as compared with the steam-driven apparatus. As I said in the paper, however, we are all learning on 
this subject, and I believe that a very great improvement will ultimately arise in the direction of 
Howden's system, in the regenerating system as regards the air, as well as the other systems which 
I have named. I may say there are two sister ships building at this time — very large vessels — 
uitended to carry liquid fuel ; and it is proposed to have iu one of them a steam-driven apparatus 
and in the other a pressure-driven apparatus, with a view to getting the very best comparative 
results on a careful system of scientific comparison. Admiral Fremantie referred to the queetion — 
and this is really a most important and almost a political one — of the supply, and he mentioned the 
ahale which is known to exist in large quantities in Scotland and elsewhere. 1 have reason to know 
that this matter is not at all overlooked ; m fact, after the admirable speech of the Chief Inspector 
of Machinery, who was officially told oS to deal with the question, we can see that it has not been 
overlooked at the Admiralty. The question of obtaining supplies within British territory is of the 
greatest importance when the Admiralty deals with this matter. There is not only the necessity of 
obtaining a sufficiently economical result on board ship, but also of being certain that if you adapt 
His Majesty's ships to work, at all events from time to time, upon liquid fuel, 3'ou will have 
a supply of that fuel insured without complications in time of war. I believe that geological 
investigations into the large quantities of shale, not only in Scotland but on the east coast of 
England, would be very well worth while. I sincerely hope the Admiralty will follow on with those 
investigations, Ijecause, although there are deposits of oil in Burmah, and in Canada, yet they 
are often too remote even there to rely on under all circumstances. Mr. Martell referred to the question 
of petroleum and the carrying of cargo. That has only incidentally to do with the subject that we are 
discussing to-day, but I may mention that this system has Ijeen so economical as regards cargora 
of oil, succeeded by cargoes of rice and other such perishable goods in the same hold, that under- 
writers are now preferring to even make a alight difference of premiums in favour of tank vessels to 
carry rice and grain from the East, the main reason being that there is much subdivision and unusual 
ventilation in these tanks. The practical effect is that there is no damage whatever to the cargo, and that 
underwriters find fewer claims m regard to that. My Lord, the real difficulty in this question as applied 
to vessels of war is the one pointed out by one of the previous spaikera, and that is, as to getting the 
full amount of work out of the limited siiace and weight of boilers that can be allowed in war vessels. 
The boiler space and weight for a mercantile vessel are practically unlimited — I mean in a cargo boat — 
and there is really no difficulty in getting as much duty out of those Iwilei-s as is required, or as would 
be given by coal mider ordinary circumstances ; Vjut in the Navj', especially in torpedo boats, 
that is the great difficulty. It is one which I am certain will be overcome (if it can be overcome 
by anybody) under the care of Sir John Durston and Mr. Melrose. I feel tliat this Institution 
should place on record, even if it is only by my own humble voice, the appreciation which it lias 
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of tbe progressive policy of the Admiralty in this matter. Sir John Duratoa has ahown himaelf 
thoroughly progressive since he came to his present position, and in no respect is he more so than 
with regard to this question. Lord Selbome mentioned the matter verj' fully in his recent Memorandum, 
and I feel certain that whatever can be done by way of investigation and exjieriment is now thoroughly 
taken in liand. Mr. Melrose spoke of the comparison between the evaporative efficiency theoretically 
of coal and of oil. He mentioned that 15 lbs. of water was the tlieoretical evaporative power of coal. 

Mr. Melrose : Tlie best Welsh coal. 

Sir FORTESCUE Flanneky : Yes, the best Welsh coal ; and 20 lbs. the same comparative figure- 
as regards oil, but tliat there was not anything like the margin there which practice had ahown 
of 3 to 2 in evaporative duty. My Lord, the facta are, I think, as Mr. Melrose pointed out, that 
oil is more effectively burned and more completely consumed in practice than coal. Whether that 
be the explanation or not — and I believe, with Mr. Melrose, that it is — there is no doubt that in 
practice these figures have been sometimes (though not always) obtained, and there seems to be very 
little difficulty in repeating them, especially after the engineers have had a little experience and 
practice in working them. 

Mr. Melrose : Pardon my interruption. Sir Fortescue Flannerj-, but your comijarison was probably 
with Noith-countrj- coal. 

Sir FoRTEscLT Flannery : The comparisons I have made ha\e been with all sorts of coal. 

Mr. Melrose : There ^re 50 per cent, better results with the oil. 

Sir FoRTEacuE Flannery: The comparisons I have made have been with all sorts of coal; that 
is to say. coal that a mercantile vessel gets where she can. 

Mr. Melrose : Not the best Welsh coal. 

Sir Fortescue Flannery : No, not the best Welsh coal. 

^ Mr. Melrose: That would explain some of the differences which appear to exist between the 
comparisons which I have referred to, made between the best Welsh coal and liquid fuel. 

Sir Fortescue Flannery : That will explain some of the differences, but the main explanation is 
that the coal fuel is less effectively burned and less completely consumed than the oil fuel. 

The President : I am sure you will all join with me in moving a hearty vote of thanks to Sir 
Fortescue Flannery for his most interestmg paper. 

The following written contributions to tlie discussion have been received : — 
Mr. E. L. Orde (Member): The subject of "Liquid Fuel for Ships" is one of the highest import- 
ance, and the intrinsic merits of the fuel are so great as to deserve perhaps even closer investigation 
than has hitherto been applied for ascertaining the most satisfactory method of burning it in boiler 
furnaces. To effect complete combustion of liquid fuel is, as Sir Fortescue Flannery shows in hia 
paper, not a difficult matter in boilers working at ordinary rates of evajMration, but in the case 
of boilers from which a high evaporative duty is required, the problem Ijecomes somewhat more 
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complex, and the principal difSculty which haa to be overcome ia that of maintaining the furnace 
temperature at the high point ^hich is requii'ed to burn the first instalment of the carbon monoxide, 
before the flame, by contact with the cold furnace plate or tube, becomes cooled to the point at 
which the vapom* condenses and prevents the completion of the first stage of combustion. The 
difficulty has been got over, in some cases, by lining a portion of the furnace with refractory material, 
but in boilers from which a high duty is required, so great a sacrifice of efficient heating surface 
cannot be made, and some other means of attaining the same end must be adopted. The solution 
of the problem would apj)ear to lie in the direction of vaporising the fuel before admitting it to 
the furnace, and thereby presenting it in a form in which combustion may take place at once, and, 
in taking place, produce the highest initial temperature possible with such a fuel. The question of 
air supply to the furnace, when burning large quantities of such fuel, is one that requires very careful 
consideration. The conditions of combustion differ from those which obtain with a solid fuel, inasmuch 
as the air in the latter case is, by natural or mechanical means, brought into closer contact with everj" 
particle of the fuel before it is allowed to enter the furnace. In the case of liquid fuel, however, 
where, as the author has explained, the combustilile is admitted into the furnace in a finely divided 
state, it is obvious that only the outer layers can come in contact with the air, and it is not until 
these outer layers are burnt, that the inner layers can be brought in contact with sufficient oxjgeu 
to secure their complete combustion. When burning comparatirely small quantities of oil in the 
furnace of Scotch boilers, this requirement can be satisfactorily complied with, but the case is some- 
what different in water-tube boilers, where the furnace space is necessarily contracted in proportion 
to the amount of fuel that must be burnt to obtain the necessarj' boiler duty, and some arrangement 
of air compressors such as are used in connection with Belleville boilers would seem to be necessary. I 
raise these two points with some diffidence, in the hope that some means may be found of solving the 
only difficulty which seems at present to prevent the application of liquid fuel to such craft as torpedo- 
boat destroyers, and others fitted with high-duty boilers, for which its many great advantages would 
seem to make it essentially suitable. 

Mr. E. T. Agius (Associate): In order to show how much interest is taken in the introduction 
of liquid fuel for use in marine and land boilers, I may mention that steps are being taken to erect 
tanks for the reception of liquid fuel, and negotiations have been entered into with several Governments 
in the Mediterranean to allow of their erection. At Malta, a tank has already Ijeen in existence for 
some years, but it has been exclusively used for the storage of burning oib. With the object, however, 
of supplying liquid fuel, a large tank is being erected which will meet the necessary requirements of 
the trade. Special interest attaches to the site where these tanks are erected, as it is a short peninsula, 
in the middle of the harbour, where steamers can be supplied with petroleum by means of pumps at 
any time of the day or night, and in any number at one and the same time. I should think that 
over twenty steamers couid be so supplied at one and the same time. 

Mr. J. M- Abam (Associate) : Attention has been drawn to modes of combustion depending 
on the use of steam jets for pulverising the oil, and the objections thereto on grounds of economy 
of steam. This method is not the beat for other reasons also. There is usually a deposit of moist slime 
which may be smokily consumed on hot brick, but which is lost to thermal efficiency. On contact 
with the oil, particles of steam are condensed, and each minute sphere of water is covered by a film 
of oil, and this compound particle is incombustible. The question raised by Mr. Melrose regarding 
the necessity of combustion in confined spaces is intimately connected with the supply of a combustible 
atmosphere, there is certainly no lack of concentration in the fuel. The required atmosphere is not 
supplied by steam, but is, on the contrarj, displaced by it to some extent. Indeed, steam is specially 
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out of place in the presence of hydro-carbon, where vapour of water forms so large a proportion of the 
products o[ combustion. The most satisfactory disintegrator is atmospheric air, and a pressure of 
20 lbs. per square inch suffices. I am in possession of a nozzle or burner — the result of much 
experiment — so contrived that the air has control of the oil. and a proportionate adjustment of the 
elements can be made with one vaive, and it seems to be free from the defect feared by Dr. Thorny- 
croft, perhaps owing to the comparatively light pressure employed. Several small jeta should be used 
to each furnace, each at its best adjustment, and variations of power ijjet by shutting off or re-igniting 
one or more ; for any attempt to vary the consumption of a jet is apt to disturb the due proportions 
of the elements, and results in smoky combustion or accidental extinction. Such an arrangement also 
minimises the danger of quenching by contained water, these extinctions being caused by isolated 
globules, instantaneous in passage as they are inevitable in effect. These interruptions become imper- 
ceptible amidst a group of burners. 
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THE NAVIPKNDULAR METHOD OF EXPERIMENTS, AS APPLIED TO 

SOME WARSHIPS OF DIFFERENT CLASSES. 

By Captain G. Russo, Naval Architect, Royal Italian Navy, Member. 
* 
j^Read at the Spring Meetings of the Forty-third SesBion of the Institation of Naval ArcfaitectB, 
March 20, 1902 ; the Right Hon. the Earl of Glasgow, G.C.M.G., LL.D., President, in the Chair. 



IfOTB. — A dcmoDitntioQ was givtn in the Librarj of the Socitty of Arts by C&ptain Rusto with the naTipMtdnliiiD, 
whieti bud been lent for the pnipoio ly the kind permifrion of the Italian Miniiter of Marine. 

At the Spring Meeting of 1900, I had the honour of reading before thin InstitutioH 
a paper on an experimental method of ascertaining the rolling of ships on waves. In 
a branch of naval architecture illustrated by such splendid theories and elaborate 
investigations as those connected with the names of Mr. W. and Mr. R. E. Froude, 
Mons. L. E. Bertin, Sir "W'. H. White, Mr. P. H. Watts, Captain Krilofif, and many 
others, the object of that paper was to show how the problem of rolling among waves 
could have a simple and expeditious solution, if transferred from the field of analytical 
or graphic research into the experimental field, by a process founded on the great 
principle of mechanical similitude. 

That paper indicated the principles on which I had based my method of research, 
described the construction of the navipendulum, and the details of the apparatus for 
producing the effects of wave motion, and further showed the results of certain 
preliminary experiments, which were such as to confirm the rehance to be placed on 
the whole method. 

A short time afterwards, my apparatus was temporarily erected at the Italian 
Ministry of Marine in Rome, where I am occupied with my official duties, and where I 
have had an opportunity of carrying out a great number of navipendular experiments. 
In response to the invitation to contribute some further results of experiments, I have 
collected and put in order the results obtained in comparative tests of the rolling of 
certain battleships ; to bring these results before the Institution forms the principal 
object of this paper. I have, besides, the honour of showing the apparatus used in 
my experiments, and I am thus enabled to show in a practical way how the 
experiments are made. 

In spite of my keen desire to submit to the examination and discussion of the 
Institution an apparatus, which in Italy has come into use to furnish data in the 
designing of ships — data which could otherwise only be obtained with the greatest 
difficulty — I might still perhaps not have decided to do so, had it not been for the kindly 
interest taken in the matter by our Vice-President, Mr. A. F. Yarrow, who, having 
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been present at some experiments in Borne, encouraged me in every way to bring 
the apparatus to this meeting. I feel it, therefore, my duty to take this opportunity of 
thanking him, and at the same time to thank the Secretary, who has been good enough 
to take charge of everything connected with the reception of the apparatus, and the 
necessary preparation for its working. X have finally to offer special thanks to His 
Excellency the ItaKan Minister of Marine, Vice-Admiral Morin, who, having heard of 
the matter, kindly allowed this apparatus, destined for the use of the Boyal Italian 
Navy, to be temporarily taken out of Italy. 

I. — Notes on the Method of Making Navipendulab Expebiments. 
I will begin by a few brief notes on the method of making navipendular experi- 
ments, for the better understanding of those of the members who care to examine the 
apparatus, and who have not before them my preceding paper. 

In the mechanical system by which the rolling movement of ships amongst waves 
is reproduced on a small scale, there are two principal parts : one represents the vessel, 
and consists of a pendulum of a special shape, to which I have given the name 
^' Navipendulum" ; the other represents the waves, and consists of an apparatus 
capable of causing on the navipendulum the same effects which the waves, assumed to 
be regular and of trochoidal form, produce on the real vessel. 

A navipendulum (Fig. 1), arranged to represent a given ship, is so made as to 
possess, on a small scale, all the geometrical and mechanical properties of the 
corresponding ship, which are in play in her rolling motion. 
The form of the line bb, which determines the swinging of 
the pendulum along a plane surface, depends on the $hape 
of hull of the ship; it is a line parallel to the hne of the 
centres of buoyancy, but passing very close to the centre of 
gravity. The centre of curvature M of the line 6 6 on its 
middle point corresponds to the vietacenire. The two 
weights W, W are so arranged that the centre of gravity G 
of the navipendulum occupies, in respect to the line b b and 
to the point M, a position corresponding to that of the 
centre of gravity of the ship. The distance between the 
points M, G represents, on a reduced scale, the distance 
between the metacentre and the centre of gravity of the 
ship, or in other words the metacentric height. The position 
of the weights W, W, besides being governed by the 
condition that the centre of gravity shall be in the 
desired spot, is also governed by another condition, 
uamely, that the moment of inertia of the navipendulum should correspond, in 
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the doe ratio of similitude, to that of the ship. This second condition is fulfilled 
when the period of oscillation of the navipendulum corresponds to that of the ship. 
To he precise, if the ratio of similitude for the Unear dimensions of the ship and the 
navipendulum be A, then, in order to satisfy the general law of similitude, it is 
necessary that the ratio of the time should be V x7 

Besides fulfilling the above conditions, the navipendulum, to correspond to the 
ship, must meet, in its oscillations, resistances corresponding to those which the ship 
meeta in water when it oscillates ; artificial resistances must therefore be brought in, 
and brought in in such a manner that the loss of amplitude in each oscillation will be 
the same for the navipendulum as for the ship ; in other words, the navipendulum 
must have the same curve of extinction as the ship. By curve of extinction I mean a 
curve which has for its abscissse the numbers of successive swings, and for ordinates 
their amplitudes. The means adopted to obtain this consist of the addition of a block 
of wood D, and a leather strap C C stretched above it. The shape of the surface vt ni 
of the block D is determined in quite a practical way, by successive experiments, 
according to a process of trial and error ; the tension of the belt is regulated by a 
stretcher and by a dynamometer. A direct verification, made before proceeding to 
carry out a series of experiments, by getting a curve of decreasing amplitudes, allows 
one to correct, if necessary, the tension of the belt, so as to obtain the exact curve 
desired. 

As is apparent, the curve of extinction is one of the data of the problem. If we are 
treating of a ship already existing, it may be the result of a rolling experiment. If, on 
the other hand, we are investigating the properties of a vessel still at the stage of 
design, or if, in an existing vessel, we wish to study the effect of alterations of the 
period, or the effect of additional resistances, then the curve of extinction is obtained 
from a model and tank experiment in calm water. 

Having arranged the navipendulum as described, its rolling on the plate L X., 
fixed horizontally, corresponds with all desirable approximation to the rolling of the 
vessel in still water. 

The inclinations of the navipendulum are transmitted to a registering apparatus 
by means of a system of articulated pieces, so designed as not to afTect the free oscilla- 
tion of the navipendulum, and only bringing in very slight resistances. 

Passing now to the wave-motion apparatus, it has its characteristic feature in the 
cinematic law of the movement given to the plate L L (Fig. 1, page 77), on which the 
navipendulum rests. Such a motion corresponds, on a reduced scale, to that of a 
portion of the surface of the wave, considered as trochoidal ; or, in other words, 
corresponds to the motion assumed by a raft put to float on the wave we are 
considering. 
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In Fig. 2 a serieB of waves are represented, corresponding to successive positions 
of the same wave W W. Let us suppose that the wave is moving from left 
to right, and consider a hmited portion of its surface, or, in other words, a 
little floating raft. The black lines represent the positions of the little raft at the 
passing of the waves. Its motion 
is determined solely by three 
conditions : — (a) its middle point 
moves at a uniform rate along a 
circumference, 

whose diameter H ' __ 

equals the height 
of the wave ; (&) 
the normal to the 
floating raft, ele- 
vated through its ^ ^"'- ^ 

centre, is constantly directed to a point P, which lies on the vertical through the centre 
O of rotation, at a distance from it Sp == y -, L being the length of the wave from crest 
to crest ; (c) the time employed in the rotation is equal to the period T* of the wave. 

Now this little raft may be easily supposed to be freed from the action of the 
liquid surrounding it, and put in motion,' under identical conditions, by specially 
designed mechanical means. It will also be easily understood that this raft, with its 
motion, can be represented on a small scale. Here also, as for the navipendulum, the 
law of mechanical similitude holds good, and, if the ratio of similitude is X for lengths, 
it must be Vx for time. 

In the apparatus, a motion of this kind is given to the plate L L (Figs. 1 and 2, 
pages 77 and 79) on which the navipendulum rolls, and which constitutes the essential 
part of the whole mechanism. I need not repeat here the mechanical constitution of the 
apparatus. I will confine myself to recalling that the plate L L is supported by a rotating 
arm O M ; the normal M P to the wave surface, or to the plate, is materially repre- 
sented by a rod M M' (Fig. 2), acting as a governing lever to regulate the inclinations 
of the plate. This rod, by means of a pivoting boss, situated in M', is made to pass 
constantly through the extreme point M' of a rotating arm O' M', which, in its uniform 
rotation about the point 0', keeps constantly parallel to the arm M. A glance at the 
photograph (Plate V.), allows the pieces which in Fig. 2 are represented by the lines 
L Ij, O M, 0' M', M M', to be easily recognised. 

' In order to set the apparatus to represent, with a given scale of lengths X, a given 
wave of the length L, height H, and period T', the following conditions must be 



y Google 



80 



THE NAVJPENDULAR METHOD OF EXPEEIMENTS, 



fulfilled : — [a) the length of the arm M is to be = A 3 ; (6) the length of the arm 
O'M' is to be = OM(i -— '^-p— ji as may be easily verified; (c) the period, or 
the time of revolution, must be = VX T'. 

It is important to point out that in the same way as the period T' of the wave is 
a function of the length L, so equally the rotatory speed of the apparatus must be 
regulated as a function of the lengths assigned to the arms O M, 0' M'. During the 
experiments, this speed must be kept steadily uniform ; for this purpose a "Valessie 
indicator has been set, insuring the strictest regulation of the motion. The keys of 
this instrument having been suitably arranged, according to the required number of 
revolutions of the apparatus, the hand of a special clock must be seen to be at rest ; 
otherwise, it shows some motion forwards or backwards, thus indicating that the speed 
of the machine must be increased or decreased. 

The apparatus is run by an electric motor ; when motive power is supplied by a 
battery of cells (as it has been in all my experiments) the motion is very regular by 
itself. The number of revolutions may be made to vary from 10 to 77 a minute. The 
required speed is obtained by means of a pair of stepped cones of pulleys, and by 
electric resistandes introduced ; besides this, there is a gradual electric resistance under 
the control of the assistant observing the indicator, who is thus enabled to correct 
the small fluctuations of speed, which otherwise could take place. To insure greater 
regularity of the motion, balance weights are employed in connection with the three 
principal axles of the machine. 

The recording apparatus, besides registering the oscillations of the navipendulum, 
registers also the oscillations of the normal to the wave with respect to the vertical. 
By this means one is enabled to verify, after the experiment, whether the pre-arranged 
speed has been ex- 
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actly maintained. 
In the meantime^ a 
scale of time in 
seconds is inscribed. 
The resulting dia- 
gram is of the form 
shown in Fig. 3. 

The recording 
apparatus is sup- 
ported by some parts 
of the machine, 
which make it accompany the rolling plate in its rotation. 



Jvwuuinn_.nnjuuuvuin-.j-Ln/vuinJLnn_rvwuvinfiAiu_n/uuuinnnn--ru>! 



,^VAVv^%V\/\;%^;Vw^Aa 



imfililudts 



The motion of the 



y Google 



AS APPLIED TO SOME WARSHIPS OP DIPFEEENT CLASSES. HI 

recording apparatus only differs from the motion of the plate in that it remains 
always upright; thus the registered angles of inclination, both of the navipendulnm 
and of the normal to the wave, are referred to the vertical. 

In proceeding to experiment, the navipendulum is arranged to represent a given 
ship on a given scale, and the apparatus is so disposed as to represent, in the identical 
scale, waves of given lengths and heights. !For a certain time after the apparatus is 
started, and until the right speed is reached, we have a period of irregular motion during 
which the navipendulum cannot be abandoned without a danger of displacing itself or 
sliding along the sustaining plate, owing to the fact that its own weight and the 
centrifugal force do not give a resultant at right angles with the said plate. When the 
right speed is reached, which is shown by the Valessie indicator, the apparent 
weight of the navipendulum, as well as of any other object placed at the middle point 
of the plate, is directed perpendicularly to this ; from that moment the navipendulum 
can be abandoned to free oscillation without the danger of any sliding. In the same 
way, the ship floating on a swell has no tendency to slide along the slope of the wave. 
A round body put on the plate of the apparatus remains steady, no matter how great 
the slope of the plate may be, thus demonstrating in an evident manner the most 
characteristic property of the wave motion. 

The navipendulum may be abandoned to free oscillation, upright or inclined, with 
or without an initial rotatory speed. For reasons that will be explained hereafter, I 
follow the practice of leaving the navipendulum stationary and upright on the crest of 
the wave. Then a series of oscillations begins, with amplitudes successively increasing 
and decreasing at nearly equal intervals of time ; the maximum amplitudes reached go 
on successively decreasing, and the minimum amplitudes increasing, until the 
differences disappear altogether, and the navipendulum falls into the uniform rolling 
known under the name ot forced oscillation. 

During the forced rolling any alteration in the regular motion of the apparatus or 
of the navipendulum, such as would be due to a momentary variation in the speed, or a 
light shock against the navipendulum, is enough to alter the regularity of the rolling, 
and to originate a reproduction of the phases of maximum and minimum amplitudes^ 
followed, after some time, by the return to the conditions of forced rolling. 

The mechanical similitude between the motion of the plate and that of the 
water in wave motion may be demonstrated by means of a direct experiment, 
which brings out clearly the peculiar properties of the trochoidal wave. We connect 
\vith the plate a glass containing water, with its brim parallel to the surface of 
the plate. When the apparatus is in motion, if we cause the level of the water to- 
rise up to the brim, the water does not overflow, no matter how great the slope of the 



y Google 



«2 THE NAVIPBNDULAE METHOD OF EXPERIMENTS, 

represented wave may be. Anyone observing this experiment may imagine the liquid 
to be a small part of a real wave, the glass itself forming part of the wave, and having 
the same specific gravity as the water, so as to be exactly supported inside the liquid, 
and one may imagine a real swell to pass continually before his eyes with a period equal 
to that of the revolution of the apparatus. Such a supposition explains the reason 
for which the level of the water follows, without any overflowing, all the incUnations 
alternately given to the glass to the right and left ; and, so far, the well-defined 
movement, depending on the connection of the glass with the apparatus, offers a 
demonstration of the laws to which the masses of water constituting a real wave are 
subjected. 

Other demonstrative experiments could be made with navipendulums to show 
practically, for instance, the effects of synchronism between ship and wave, the 
different behaviour on the same wave of two ships, one being very stiff and stable, the 
other having a very small stability. 

For instructive purposes, experiments of this kind could be shown in schools, 
employing apparatus much smaller and more simplified in respect to the actual 
mechanism, which has been constructed for a different object, namely, for obtaining exact 
measurements concerning the various classes of ships, and thus getting comparative 
data about their degree of steadiness. 

II, — Some CoHsmEBATioNS on the Principal Characteristics of the Curves of 
Oscillation and on the Commencement op Eollinq. 

It is well known that on a continuous and regular swell a vessel can roll in an 
infinite variety of different ways, according to the particular angle and angular speed, 
with which we may suppose her to start at any particular instant ; but, whatever may 
be the particular conditions of rolling under which the motion starts, if the swell keeps 
perfectly regular, and if outside influences do not intervene, the vessel, after having 
rolled in a non-uniform way for a time of more or less duration, ultimately falls into 
the uniform forced oscillation in which she keeps perfect time with the waves. 

This phenomenon is naturally reproduced in the navipendular experiments, and 
constitutes one of the most visible characteristics of the curves of oscillation obtained 
from the apparatus. Only in the case of the navipendulum being abandoned to 
the action of the apparatus, with an angle of inclination and an angular velocity 
well determined, and dependent on the precise instant of the commencement of motion 
during the rotation of the apparatus, would it be possible to fall into forced rolling 
without passing previously through a period of irregular rolling, more or less continued 
according to the conditions at starting and to the resistance to which the ship is 
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Now the Btudy of non-uniform rolling, that precedes forced rolUng, is of the 
greatest importance, m Mr. R. E. Proude has taught us, when, from the analytical or 
graphic results, or from the experimental results, it is desired to extract useful data, 
comparable to those which occur in practice. 

" The ideal assumed uniformity of swell does not exist in practice. And hence, in 
proportion as, on the one hand, the resistance is small, and any initial non-uniformity 
of roiling dies hard (so to speak), and, on the other, the non-synchronism is 
considerable, and the alternations of amplitude rapid, the continual fresh disturbances 
due to the non-uniformity of swell, avail effectively to maintain non-uniformity of 
rolling, in spite of the tendency of resistance to eradicate it. Thus a tendency to 
continued non-uniformity of rolling is in practice a characteristic feature, and an 
important one, of rolling in a non-synchronous swell." 

I have copied in the last paragraph words that are used in Mr. Froude's paper,* 
read before this Institution in 1896, as nothing could better express the reasons why 
the rolling of ships, under ordinary conditions, is far from that regularity that is 
characteristic of forced rolling. 

I ought here to say, that, in interpreting the characters of analogy which the various 
curves of oscillation present, and in the reasoning concerning the way of defining the 
criterion ampUtude, I have been guided by the great principle established by Froude iu 
the above paper, that, although the non-uniform rolling of a given ship on a given swell 
can assume different aspects one from the other, yet it always consists of the appropriate 
forced oscillation, with or without a free oscillation superposed. I am also inclined to 
say, that only after having carried out many experiments on rolling with navipendulums, 
is one able to appreciate all the importance of that and other principles laid down in 
Mr. Froude's paper of 1896. 

It is necessary for us, then, to study the characteristics which the non-uniform 
rolling of a ship on a regular swell presents ; and in order to do this, the best means is 
to refer to the curves of oscillation, where all the elements coming into play in the 
phenomenon are graphically represented. 

In order to study a concrete case, let us take for example a curve of oscillation A 
(Fig. 1, Plate VI.) obtained from a navipendular experiment in which the navipendulum 
has been initially abandoned to the action of the apparatus, with a casual inclination and 
angular velocity, in an arbitrary instant of the revolution of the apparatus. Abscissa 
values of the curve A correspond to time; ordinate values, with regard to the base 
line X, represent the inclinations of the navipendulum with respect to the vertical. The 

• " The Non-Unitorm Rolling of Shipa," by R. E. Froude, Esq., F.R.S. : Trans. I.N.A., Vol. 
XXXVII. (1896), p. 306. 
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sinuous bottom line represents, in the same scale of time and of angles, according to 
which is traced the curve A, the inclinations of the normal to the wave, from instant to 
instant, referred to the vertical. 

From an examination of the curve A, it is deduced : — (a) That the non-uniforui 
rolling tends gradually to become a uniform rolling, in which the oscillations have 
the same period as the wave ; (b) that the angles of roll pass alternately through 
maximum and minimum values at regular enough intervals of time ; (c) that the 
maximum values go on continually decreasing, until they become reduced to the 
amplitude constant for forced rolling ; (d) that the minimum values decrease to a 
certain point with laws similar to those of the decrease of the maxima, then gradually 
increase, until they fall into the constant amplitude for forced rolling ; (e) that there is 
a certain phase of the motion, iij which oscillations are reached of minimum amplitude 
very near zero. 

On the line of rolling some auxiliary lines can be traced, which serve to explain 
more clearly the peculiarities of the phenomenon, namely, a sinuous line B, passinit,' 
through the upper vertices of the rolling curve, and a curve B', passing through the 
lower vertices ; a curve C, passing through points of maximum amphtude of the curve 
B, and one C passing through points of maximum amplitude of the curve B' ; two 
curves D and D', passing through points of minimum amphtude of curves B, B'. 
Finally, we can trace two axes Y, Y', parallel to the axis X, and representing the 
prolongations of the straight lines in which the lines B, B', C, C, D, D', finally merge. 

It follows from the theory of the superposition of the two component oscillations, 
and it is confirmed by the experiments : — 

(a) That the curves B, B' are symmetrical with respect to the axis X, and 
consequently also the curves C, C and D, D' are respectively symmetrical with respect 
to the said axisX. 

(b) That the curves D, D' are the same as the curves C, C, simply displaced 
in a perpendicular direction with regard to the axis X, through an interval equal to the 
distance of the axes Y, Y' ; that, in consequence, the curves C, D' are symmetrical 
with respect to the axis Y, and the curves D, C are symmetrical with respect to the 
axis Y'. 

(c) That, commencing the rolUng in different ways, always in the same swell, the 
curve A, in general, is changed, as are also the curves B, B'; but the lines C, C, D, D', 
and the axes Y, Y' remain unaltered. There are, however, an infinite number of curves 
of rolling, for which the curves B, B' also remain unaltered, this being analogous to 
what takes place in free oscillation in calm water, where we can have, according to 
the angle with which it sets out, an infinite number of curves of oscillation, the curve 
passing through points of maximum amplitude remaining always unaltered, that is, the 



y Google 



AS APPLIED TO SOME WABSHIPS OF DIPPEBENT CLASSES. 85 

curve of declining angles remaining unaltered. And, more exactly, turning to the 
theory of superposition, -if one supposes the curve of declining angles to remain 
unchanged, the curve of free oscillation to be altered, and the curve of forced oscillation 
to be displaced with reference to it in such a manner as to leave unchanged the points 
in which the coincidence of phases takes place, then the condition is verified in which 
the curves B, B' undergo no alteration. 

According to the theory of the superposition of two component oscillations, 
the curves C, C, D, D', should be merely the curve of declining angles in still water 
oscillation : this is, only in an approximate way, verified in the experiments ; in fact, 
sometimes it is observed that the non-uniform rolhng lasts for a longer period 
than the free oscillation on the still piate. But if we remember that every alteration, 
however small, in the regularity of the wave motion, has the immediate efiect of 
introducing non-uniformity in the rolling, we must allow that the divergency is 
to be attributed to those small disturbances which inevitably accompany the experi- 
ment, however high a degree of precision the apparatus may possess. 

Again, theory teaches us that the interval of time from one undulation to another 
of the curve B should be n T, where ?i, taken always positive, = ± -r. _ m^' T being the 
period of the ship, and T' the period of the swell. This is confirmed by the 
experiments. Only it is to be noted that the theory allows T to be constant, and 
hence also n constant, for great or small angles of rolling, whereas in the experiments 
the co-efficient n feels the influence of the variation undergone by T according as the 
oscillations are great or small.* 

The characteristics of which we have spoken up till now, of the curve of 
oscillation and the auxiUary curves which may be traced from it, are clearly visible in 
the example represented in Fig. 1, Plate VI. ; and, indeed, we must add that they are 
also clearly visible in the greater number of practical applications of the experimental 
method, that is, in the case of ships and waves in conditions not outside the 
ordinary limits. But it is important to notice that, even when this is not the 
case, that is, when we consider ships of excessively short or excessively long periods, or 
with special disposition of weights, form of hull, &c., and waves of unusual period, 
dimensions, and inclinations, the curves of oscillation may indeed assume aspects at 
first sight irregular ; but, on examining them attentively, one recognises that they 
present no contradiction to the laws which we have indicated above with regard to the 
curves of rolling in general. 

AVe may cite, as examples, the curves represented in Plate VTI.. which, with tbfir 



' A'cf foot-note, p. '.)4. 
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apparent anomalies, only give greater confirmation to what we have established 
concerning the characters of curves of oscillation. 

It was neeessarj' to examine the said characters, in order to be able to decide with 
confidence what method should be adopted, in carrying out the experiments, with 
regard to the initial conditions of the rolling ; and also to be able to establish in a 
concrete manner the significance of those elements, which are deduced from the curves 
of oscillation, and which may be considered as the ultimate result of the experiments. 

The curve of oscillation has in itself neither an initial nor a terminal point. Hence 
the necessity for establishing some convention, with the object of rendering comparable 
the efi"ects which different conditions of sea may produce on a given ship, or those 
which a given condition of sea may produce on difierent ships. 

One might, for example, arrange matters in such a way that, after the ship has 
acquired the forced rolling, a disturbing influence should intervene to alter the 
uniformity of the rolling, and establish the magnitude of this disturbing influence as a 
function of the wave, or of the ship, or of both together ; and hence consider as a 
criterion amplitude the maximum angle which the ship can assume after the instant 
in which the disturbing influence has exercised its action. 

Although this idea may seem rather vague, there is a simple way of understanding 
its application. If, in fact, we grant that the rolling begins in a given position of the 
ship with respect to the slope of the wave, with a given incUnation and a given 
angular velocity, and these three elements are not in the same proportion to one 
another as they would be in the case of forced rolling, this is equivalent to the 
introduction into the forced rolling of an instantaneous disturbance, greater or smaller 
according as the pre-arranged conditions diverge more or less from those which should 
have been in the latter movement. 

According to the method of Mr. E. E. Froude, founded on " the common experience 
that, when roiling is far from uniform, the most violent rolls are generally those which 
shortly follow a moment of approximate quiescence," it is supposed, in the first place, 
that the motion begins with no roll. It is the simplest and most acceptable of the 
conventions that can be made, but it needs to be more exactly determined, for it is 
possible to begin with no roll in as many different ways as there are points, in the 
variable slope of the wave, in which the ship may be supposed initially stationary and 
upright. In the same way the navipendulum may be abandoned, stationary and 
upright, to the action of the apparatus in the infinite number of positions which the 
plane of support assumes during a complete revolution. 
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Among these infinite ways there are two which deserve particular attention :— 

(a) The first is when the ship is supposed stationary and upright in that same 
instant in which, following the forced rolling, it would be at its greatest inclination, 
which is equivalent to abandoning the ship, upright, to the action of the swell at mid- 
slope of the wave. 

(b) The other way is when the ship is abandoned, upright, to the action oftbe 
swell, when the normal to the wave is vertical, that is, on the crest, or in the trough of 
the wave. 

Mr. R. E. Froude has adopted, as a complement to the proposed convention, the 
solution {a) ; in fact, he starts with opposition of phase between the two component 
oscillations, at the moment when the free oscillation gives an amplitude equal to that 
of the forced oscillation, so that the net amplitude is nil ; but in a note to his paper he 
recalls that Mr. W. Froude, in his classic theory published in 1861, dealing with the 
unresisted rolling, has adopted hypothesis (6) ; in the same note are indicated the 
differences which arise according as we take one or the other condition for the beginning 
of rolling. 

After a mature examination of the question, I decided to adhere, in my 
experiments, to the second solution, that is, to establish as the initial point of the 
rolling the instant at which the ship is on the crest of the wave, supposing that at 
that instant the ship is upright and animated by an angular velocity = 0. A similar 
condition is easily realised in navipendular experiments by holding the navipendulum 
still until the opportune moment, and then suddenly releasing it." 

This solution, in my case, has the advantage of greater facility over the other, 
which would have required, before each experiment, a preliminary determination of 
the exact position corresponding to the angle of maximum forced rolling. But 
besides this, iu my opinion, it possesses some advantages, for it enables one to give to 
the criterion amplitude a definition which, although still conventional, is more 
comprehensive and also more simple, as it does not involve the conception of the two 
component rolls. 

As I have shown above, either of the solutions is equivalent to introducing an 
instantaneous disturbing cause into the forced rolling. This disturbing cause is 
reduced, in substance, to a certain quantity of rotatory energy added to or removed 
from the ship, instantaneously, during its forced rolling. 

*An improTement, which will be introduced into the appaiatnB, coneiste in adding a piece of 
mechanism for holding the uaTipendalum etill, and releasing it automatically at the right moment. 
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We know that the forced rolling is analogous to the unresisted rolling of the ship 
in still water, only supposing that the action of the couple of stability is augmented 
or diminished in such a proportion as to modify the period of oscillation, changing it 
from T, proper to the ship, to T', proper to the swell. Now in rolling without 
resistance, the rotatory energy of the ship remains constant. The same may be said of 
the ship on the wave in forced rolling. It is certain that for each oscillation the ship 
loses as much energy to the resistance as it gains from the impulse due to the passing 
of the wave ; but since the experiments do not show appreciable differences in the 
characters of the curves of rolling in calm water or in forced rolling, we may admit 
that for the whole duration of the forced rolling the total rotatory energy of the ship 
remains unchanged, and exactly equal to that constant quantity of energy which the 
ship would possess if it were to roll, without resistance, through a constant amplitude 
equal to that of the forced rolling, under the action of a couple varying, with respect to 
the couple of stability, so as to allow for the varying period. 

To bring the ship to a vertical position at the instant at which it is at its greatest 
inclination (case a) is equivalent to subtracting from it a quantity of rotatory energy 
equal to that which would be necessary, vice versa, to bring it from the vertical 
position to the angle of greatest inclination. If the vertical were the instantaneous 
position of equilibrium, which is not the case, the ship would lose instantly all the 
energy it possesses, and would be abandoned, inert, to the action of the sea from that 
instant. 

Similarly, to cause the ship to be upright and stationary instantaneously at 
the moment when it is on the crest or in the trough of the wave (case b), is 
equivalent to subtracting from it a quantity of energy equal to what would be required 
to bring it from this latter position to the inclination and angular velocity which exist, 
in the forced rolling, at the passing of the crest or the trough of the wave. But since 
the vertical (in case h) represents the instantaneous position of equilibrium, the ship, 
stationary and upright at that moment, is in fact abandoned inert to the action of the 
swell with a quantity of initial rotatory energj' = 0. 

This is the principal reason why the second solution (&) seems to me preferable to 
the first (a). PoUowing this method, and taking as criterion amplitude the maximum 
angle to which the action of the swell brings (or might bring) the ship, this criterion 
ampUtude may be simply defined as the maximum angle to which the swell can bring 
the ship, when the latter is abandoned to the former absolutely inert, without rotatory 
energy of its own, either actual or potential. 

It may be observed that the starting-point chosen represents a particular case 
among all those in which the ship may be supposed initially inert and without rotatory 
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energy ; in fact, such a state of things may be verified for all the points of the slope of 
the wave, so long as the ship is supposed stationary and conveniently inclined so as to 
be in its position of equilibrium. But the positions of equilibrium cannot be easily 
determined,* and hence it is difficult to ascertain experimentally if in all cases the 
criterion amplitude is identical. Yet, from a quantity of facts observed in the navi- 
pendular experiments, it seems to result that this is effectively the case. 

Turning now to Fig. 1 (Plate VI.) it will be observed that the curves D, D' meet in 
a certain point P. Corresponding to this point, the amplitudes of the two component 
oscillations are equal to one another ; if we suppose that they are here in opposite 
phases, the conditions proposed by Mr. R. E. Fronde are realised. That particular 
curve, of the type of the curve B, which passes through the point P, gives us, in its 
first maximum ordinate to the right of P, the criterion amplitude according to the 
hypothesis ; this turns out certainly less than double the maximum angle of the forced 
rolling. 

Without entering into minute explanations about some curious peculiarities of the 
curve B, explanations which it would be difficult to give in sufficiently clear form, I 
shall limit myself to indicating that the starting point of the rolling, when the solution 
which I have followed is adopted, is to the left of the point P if the period T of the 
ship is greater than the period T' of the swell ; it is to the right in the converse case. 
In the first case, which occurs most frequently, there results a maximum amplitude 
superior to that caused by starting at the point P, and such as to surpass, in some 
cases, double the angle of forced rolling ; and this in a greater degree as T is greater 
with respect to T', as may be gathered from the diagrams of rolling relative to different 
tilasses of ships, which form the principal object of this paper. In the second case the 
maximum amplitude arrived at is less than that caused by starting from the point P. 

In conditions approximating to synchronism the two methods lead to results 
which d<t not differ sensibly from one another. 

In the same Plate VI. (Fig. 2) is seen a curve of oscillation obtained with the same 
navipendulum and in the same swell from which was obtained the curve Fig. 1. The 
form of the dotted line passing through the points of maximum inclination, and 
constituting the curve of rolling, suggests the following observation : — 



* The procedure indicated by Mons. L. E, Rertin is Bnmmed up ia his paper " Position d'Eqailibre 
ties Navires aur la Hoale " (M^moireB de la £iociet4 nationale ded Sciences natnrelles et mathematiqnea 
de Cherboorg, T. XXXI., 1898). 

In Appendix III. to my preceding paper, "An Experimental Method of Ascertaining Ihe Kolling 
of Ships on Waves" (Trans. I.N.A., Vol. XLII. page 48), I have indicate:! u procedure from which 
a method may be deduced for determining the positions of equilibrinm of ships on waves. 
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If we must judge the rotatory energy which the ship possesses during the roll, from 
the amplitude of the angles which it describes, and from the maximum angular velocity 
which it acquires in each roll, we may consider the dotted carve as indicating the 
fluctuations which are verified in the quantity of rotatory energy possessed by the 
ship. Starting from zero energy, the ship gradually gains energy, thanks to the 
impulses which it receives from a certain number of successive waves ; it reaches a 
maximum, after which the waves have the effect of subtracting energy, and thus 
reduce it to a certain minimum value ; then the ship begins again to acquire energy, 
and acquires it up to a certain maximum, which, however, is inferior to the maximum 
previously reached, and so on. The dotted line shows that the rotatory energy possessed 
by the ship fluctuates about a certain mean quantity of energy equal to that which 
becomes permanent in the definite forced rolling, when the curve of rolling becomes a 
straight line parallel to the base line ; the fluctuations gradually decrease in intensity, 
and finally disappear altogether. 

An exhaustive investigation of the question does not demonstrate that this line 
represents an exact diagram of the quantity of energy ; nevertheless, it confirms the 
idea that we may regard it as a line approximately indicating the variations of the 
fluctuation in the rotatory energy of the ship. 

III. COMPABATIVB RESULTS OF NaVIPENDULA3 EsPERIMEKTS CONGEBNING 

DiFFEBBNT ShIPS. 

The navipendular experiments, the results of which are summarised on Plates VIII. 
and IX., relate to the Royal Italian battleships He Umberto a.n6. Begina Marglierita, 
each of them representing a class of ships ; and also to H.M.S. Bevenge, a representa- 
tive of the Boyal Sovereign class. Before taking into consideration these particular 
results, I shall have two more remarks of a general character to make. 

First of all, it is to be noticed that, notwithstanding the great number of elements 
which are in play in the rolling of a ship (dimensions and shape of hull, metacentric 
height, moment of inertia, period of oscillation, size, form and position of bilge 
keels, &c.), yet all these elements are implicitly represented in two diagrams, which are 
sufficient to give all the necessary data for proceeding to navipendular experiments 
concerning any given ship. These are the diagram of statical stability (curve of 
righting moments) and the diagram of declining angles, the latter being accompanied by 
the indication of the natural period of the ship. In such curves, having peculiar 
characters for every ship, all the elements are combined, by which the ship acquires, so 
to speak, a certain special physiognomy in her behaviour on waves. The combination of 
the two diagrams into a single one — the diagram of rolling — which would answer all the 
questions about rolling in a seaway, may be considered as the desideratuvi to aim at. 
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Secondly, I must point out that, even if limited to represent for the different 
swells only the amplitudes of maximum oscillations (the criterion amplitudes) and the 
amplitudes of the forced oscillation, a diagram of rolling would prove much too com- 
plicated, had it to include all the possible heights which may be considered for any 
wave of a given length. As long as the practical purpose of the experiments is to 
ascertain the comparative rolling of different ships, we may content ourselves with 
establishing a certain series of waves of increasing lengths and heights practically 
proportional to those observed in ordinary real waves, and then adopting the same 
series of waves for the different ships to be compared. This is the way I have pro- 
ceeded in my experiments. I have considered waves of increasing periods from 8 to 19 
seconds, their heights corresponding to their lengths, in the arrangement of the 
apparatus, according to the formula H = j. ,, + I"**-. It may be seen that for short 
waves, as, for instance, that of 8 seconds (length 328 ft.), the height considered 
(8'75 ft., viz., about 3V L) would be too small; but the fact should be taken into 
account, as stated in my preceding paper, that when small waves are dealt with, the 
apparatus must be arranged to represent a fictitious wave height, somewhat smaller 
than the wave height actually considered. I have not made inquiries, thinking it of 
no practical importance, as to the precise wave height to which the trial height corre- 
sponds ; I think it may suf&ce to know that for the smaller waves among those 
considered in the experiments, the trial wave slope is somewhat below the corresponding 
wave slope in the real case, whereas for the larger waves the difference is practically 
nil. Besides, it may seem superfluous that such large waves as those reaching the 
period of 19 seconds should have been subjected to experiments; but I did so because, 
although such large waves are very rarely met with, yet the case is frequent of waves 
having a great apparent length and period relatively to the ship, according to the speed 
and direction of advance of the ship. 

A few words will suffice for an explanatioh of Plates YIII., IX. and X. 

Plate VIII., Be Umherto. — Fig. 1 gives the diagram of statical stability under 
ordinary load condition. From this diagram Fig. 2 has been deduced, representing 
the metacentric evolute, and also the rolled curve (parallel to the curve of centres of 
buoyancy) according to which the blades of the navipendulum have been worked out. 
The two diagrams (Figs. 1 and 2) are common to the ship and to the corresponding 
navipendulum, the only difference being in the scale. Figs. 3 and 4 give the diagrams 
of declining angles in still water in two different conditions, viz., before and after the 
addition of bilge keels. The numbers marked along the base line of each diagram 
correspond to successive swings, say from port to starboard, or vice versd. The 
variation in the period of swing is made apparent by the distance between the dotted 
ordinates, in accordance with the scale of time (in minutes) as marked underneath. 
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The curves of declining angles were previously determined by tank and model 
experiments, carried out for the sister ship Sardegna* supposing the same results 
to be available for the Tie Umherto. Moreover, it was necessary approximately to 
extend these curves in the upward direction beyond the limits of the tank experiments. 
For these navipendular trials the ship is considered under the following 
conditions : — 

Displacement 13,81)3 tons 

Metacentric height (1*48 met.) 4*85 feet 

Period of a single swing, for small angles... G*90 sec. 

Figs. 5 and 6 summarise the results of the experiments, viz., the maximum 
amplitudes of rolling on swells of different periods and the amplitudes of the forced 
oscillations. 

Plate VIII., Begina Margherifa. — The experiments relating to the battleship 
Regina Margherifa, now in course of construction, were carried out some months 
ago, before the ship was launched. As previously stated, the navipendular method 
may be employed even for ships still in the stage of design. By tank and 
model experiments for still-water oscillation, the curves of extinction have been 
ascertained for different values of the period, between certain limits given by calcula- 
tion. The natural period for small angles, as anticipated by calculation, will be from 
7'5 to 8 seconds ; these two extreme conditions have been subjected to experiments, 
supposing the metacentric height to remain unchanged in both cases, and also the bilge 
keels as actually fitted ; of course the extinction diagrams are different in consequence 
of the different period of swing. 

The ship is considered under the follomng conditions : — 

Displacement 13,490 tons 

Metacentric height (1-20 met.) 3-94 feet 

Period of a single swing, for small angles, 7*5 and 8 sec 



Figs. 11 and 12 give the results of the experiments, 



Plate IX., Eevenge. — The curve of statical stability reproduced in Fig. 1 is taken 
from Sir W. H. White's paper : " The Qualities and Performances of Eecent First-class 
Battleships," read before this Institution in 1894. From Fig. 1 the geometrical 
elements of the hull represented in Fig. 2 have been deduced ; from these the peculiar 
blades for the navipendulum have been worked out. However, with reference to the 
conditions of load and stability, in which rolling experiments were made on the 

■ See G. Rota, " La Vasca per le Esperienze di Architettara navale nel R. Arsenale di Spezia," p. 86. 
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Beven^e in October, 1894, January and February, 1895,* I have considered some 
approximate mean conditions, as indicated below : — 

No bilg« keels. With bilge keels. 

Displacement 14,000 tons 14,000 tone 

Metacentric height 3-61 feet 3-58 feet 

Period of a single swing for small angles 7-73 sec. 8'07 sec. 

Here also it has been necessary to approximately extend the curves of declining 
angles beyond the range of the experiments. However, it is my opinion that this 
operation, given the character of the curves, cannot involve any great error. 

Figs. 5 and 6 (Plate IX.} show the results of the experiments. In Plate IX. some 
curves of oscillation are also reproduced, as obtained from the experiments concerning 
the ship without bilge keels. 

Plate X. — Coming lastly to an examination of the different curves of rolling obtained 
from the experiments mentioned above, many remarks could be made by comparing them 
to each other. The two curves of maximum amplitudes of the -Be Umberto (Fig. 1, Plate 
X.) offer a clear demonstration of the known fact that the addition of bilge keels gives 
no groat advantage on waves of moderate period, when the ship rolls through small 
angles ; whereas the greater advantage is obtained the more nearly synchronism is 
reached between the ship and the swell. The same conclusion may be inferred from 
comparing the two curves relative to the Revenge (Fig. 2, Plate X,). 

A comparison of the curves of rolling of Be Umberto and Revenge, both without 
bilge keels (Fig. 3, Plate X.) shows a curious phenomenon, viz., that the Re Umberto, 
having the shorter natural period for small angles, reaches the critical condition of 
synchronism on longer waves than the Revenge does with a longer natural period. This 
is a consequence of the variation of the period with the amplitude of swing. The curve of 
declining angles for the Re Umberto (Fig. 3, Plate VIII.) shows that the period of swing 
gradually increases with the amplitude, whereas the curve relating to the Revenge (Fig. 
3, Plate IX.) shows that the period is nearly isochronous up to 10 or 12 degrees, after 
which it gradually decrease? ; in such a difference we find an explanation of the observed 
phenomenon. On the other hand, the reason of the different law of variation in the 
two cases is to be found in the different shape of hull, of which an idea is given by the 
midship sections (Fig. 5, Plate X.) ; in fact the metacentric evolutes of the two ships 
are of an apparently different character (Figs. 2, Plates VIII. and IX.). The Re Umberto 
has a great initial metacentric height, but the point M descends, and the metacentric 

" Sir W. H. White's paper, " Our Battleships — Notes on Further Experiences with First-class 
Battleships." Traneactione I.X.A., Vol. XXXVI. 1895. 
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height rapidly diminishes, as the ship heels ; at an angle of 40 degrees the metacentric 
height is reduced by nearly a third of its initial value. On the contrary for the Revenge 
the point M rises, as the ship heels to a certain angle, after which it descends ; at 
an angle of 40 degrees the metacentre is very nearly in the same position as it was 
initially. Through swings of a large amplitude, the couple of stabihty acts on the 
Be Umberto with a comparatively lower energy than on the Revenge, and the effect is 
an increase of the period for the former ship and a diminution for the latter.* 

Another point deserving attention is that the addition of bilge keels has been of 
greater advantage to the Revenge than to the Re Umberto. Now the bilge keels of 
the latter ship are 165 ft. long (50 met.) and 3*28 ft. deep (1 met.) ; the Revenge has 
bilge keels 200 ft. long, 3 ft. deep. In my opinion, the greater efficacy of the bilge 
keels on the Revenge must be attributed to the different form of the midship section 
(see Fig. 5, Plate X.) rather than to their slightly greater area. In the Revenge the 
midship section allows the bilge keels to be placed at the most protuberant part of the 
contour, and therefore in a condition exceptionally favourable to their action. Thus 
the navipendular experiments give a fair confirmation of one of the statements made 
by Professor G. H. Bryan in his paper about the action of bilge keels.f 

A glance at the diagrams of rolling of the Re Umberto, Regina Marglierita, and 
Revenge fitted with bilge keels (Fig. 4, Plate X.) shows that, as could have been 
anticipated, a characteristic curve with peculiar features belongs to every ship, in the 
same way as every ship has its peculiar curves of stability and of declining angles. 

I do not say that a diagram of rolling could be such a curve as to give all the 
elements a naval architect would Uke to have at his disposal in order to get 
information about the probable behaviour of a new ship at sea, and about her degree 
of steadiness ; but I think that when diagrams are available concerning many ships 
in actual service, it will then be possible to anticipate, by comparison, the probable 
quaHties of a newly designed ship. Even if all the features of a ship are already 



" Whether the mechanical similitude between the ship and the navipendulum holds good also in 
thLit which relates to the period of swing through large angles, is a question about which I have made 
Bome. investigations. Certainly the way in which the resistance is applied involves a certain disturbing 
couple, which adds its effect to the action of the couple of stability ; but numerical determinations prove 
that the amount of the additional couple is trivial as compared with the magnitude of the couple of 
Btability, No doubt, the law of variation of the period with the amplitude of awing chiefly depends on 
the law of variation of the couple of stability, or, in other words, on the shape of hull ; now this 
important factor is exactly represented, in the navipeiiduium, in accordance ■with the law of mechanical 
similitade. Whence it may be concluded that the period of awing for large angles, in navipendular 
experiments, cannot diverge very moch from following the same law of variation as that for the 
actual ship. 

t Transactions I.N.A., Vol. XLII. page 200. 
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determined, yet recourse may be had to navipendular experiments for deciding 
whether, and to what extent, the addition of resistance is necessary. 

Should it be needed to inquire about the efficiency of water cliamhers in rolling 
among waves, that will be easily attainable by actually adding water chambers to 
the navipendulum. 

But, confining ourselves to the case of bilge keels, navipendular experiments 
should be regarded, it seems to me, as a very useful complement to experimental tank 
trials. Supposing bilge keels of various sizes and positions to be added to a ship, 
tank trials can tell how mnch speed we lose for each addition ; navipendular experi- 
ments can tell how much steadiness we gain ; thua we may gather the necessary 
elements to decide from exact experience to what extent we may consent, either to 
a sacrifice of speed to steadiness, or to a sacrifice of steadiness to speed. 

Such a question acquires greater importance when very fast ships of new design 
and o£ unusual proportions and forms of hull are dealt with, as, for instance, is now 
the case with the Itahan battleships of the Vittorio Emanuele class, for which 
navipendular experiments have been ordered. 

The practical problem of extension and proportion of bilge keels has been one of 
the objects which I have had in my mind, while proceeding with my researches these 
last few years. 

To bring these researches before the Institution has been a great honour for me, 
and it will prove highly beneficial to the continuation of my studies, since the dis- 
cussion of the method will most probably contribute to diminish the defects of a new 
system of investigation, in which not a few difficulties have necessarily been met with. 



DISCUSSION. 

The following contribution was received from Mr. R. E. Froude and read by the Secretai y : — 
I am extremely sorry not to be able to attend the reading and diacussion of Captain G. Russo's 
fuiper. I have not even found time ty study tlie jjapcr closely enough to be able to comment on 
it in any way that could be worthy of it. I must content mj'self with saying tliat, as far us I 
can aee, I agree with every word of the pai^er from begiuning to end. Touching the questions 
considered in pp. 87, 88, between solutions (a) and (b), there is opportunity indeed for a good 
deal of argument. It is possible there might in the end be found to be on this head some difference 
of view between Captain Russo and myself. But cerhiinly, assuming that, as he says, solution 
(ft) is the more convenient of the two for navijjendular work, I should myself in his case adopt it, 
as he has done. It was for reasons of convenience only that I jireferred to use solution (a) in my 
l»per of 1896. 
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Mr. Archibald Dexny (Member of Coiinoil) : My Lord and Gentleiiieii, Mr. Froude hati 
auticipated me in wliat I was going to say in congratulating Captain Russo. I should like to 
have the opportunity which Captain Russo has had of studying rolluig by this machine. In the 
paragraph at the end of page 94, he does not say that the navipenduluui gives all the elements 
a na\'al arahitect would like to have at his disposal in order to get information about the 
probable behaviour of a new ship at sea, but he suggests that by constantly repeated experiments 
and using the results obtained from actual shijjs, one would be able to lind out the co- 
efficients. I think that is the correct use of this machine. With regard to the question of tank 
trials for bilge keels, I think I can give Captain Russo a more valuable result tlian that of a 
tank trial. I can give him a full-sized trial of the e£fect of bilge keels on speed. In tlie case of a 
vessel that did not quite come up to our predictions of si>eed for power on her first trial, it was 
suggested that the bilge keels were wrongly put on, so we took them off entirely. Of course, 
there are alwaj's errors in indicator diagrams, and also small errors in taking speeds, but we 
could not find any difference at all with bilge keels or without them, and I think that at sea, 
instead of reducing the speed, there is every reason to believe (in a ship given to rolling) that 
the speed will Ije increased by the addition of bilge keels. I will just add that I covet tliat 
machine, and I think that thts Institution owes Captain Russo a very great debt of gratitude for 
the trouble he has taken in getting his navipendulum brought here and showing us hb experiments. 
Every one ot them has succeeded, and that is not always the case when a machine is asked to 
go through its paces. 

Professor J. H. BiLES (Member of Council) : My I>ord and Gentlemen, I ain afi'aid that this 
is a subject that I know veiy little about, but I should like to take the opportunity of thankmg 
Captain Russo for the trouble he has taken on Ijehalf of the Institution, and in the odx-ancement 
of this obscure subject, and to say, like Mr. Denny, how much I should like to have had the 
opportunity of carrying out a somewhat similar investigation. We are all awai-e that a ti-ochoidal 
wave is a beautiful geometrical conception, and I suppose most of us have l)een content to acce|)t 
the researches of the elder Eroude, and leave the matter at that point. We know that if a vessel 
has a long period of rolling in still water, she is not likely to roll a great deal if she meets 
with waves that are not of so great a period as herself. We all believe that, but when we go to 
sea and find how a vessel rolls, we are disposed to tlimk there is something wrong with the sea. 
Now I l)elieve I am perfectly correct in saying that this is the first time we have had a complete 
mvestigation of the rolling of a ship in which the variation of jteriod due to a varj-ing angle 
of i-oll has been taken into account. We have usually considered shijjs as roUmg isochronously, 
and now for the first titue we have had taken fully into account the effect of non-isochronous i-oUing 
in a ship, that is to say, while we know, in i-oUing through an angle of, say, 10 degrees as com- 
l»ai-ed to an angle of 5 degrees, on each side of the middle line, that the period is in-actically 
the same, yet when ive get to large angles, we know that the period increases, and this varying 
inci'ease throughout the roll necessarily affects the combination of inclination which comes 
iibout when rolling in wa\-e9 of unifonn period. This paper brings to us, I think for the first 
time, a solution of that difficult problem, and shows it in the diagrams and Plates IX. and X., 
and gives us i-eally for the first time in a simple foi-ra a diagram showing the period of the 
wave in relation to the angle to which the ship rolls, and the period of swell that causes the maxi- 
mum oscillation. My Lord, I should like to ask Captain Russo if he could give us at some 
future time — if, indeed, he has not done it already — a study of the rollmg of a ship which has a 
negative metacentric height to start with. Of course a ship with a negative metacentric height 
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ntay have positive righting aruin at a small angle of heel. That condition of ship is familiar 
to us ; one that has the metacentre in the upright below the centre of gravity, but which, 
on account of its high aide, h perfectly safe at sea. I think the phenomenon of a ship at sea with 
a negative metacentric height is of some interest, and also of some practical importance. I think wo 
shall bo some time before we can hope to devise a method of niodifymg the forms of ships so as t« 
enable ua to make them letter suited for our purpose on the basis of experiment of this kind, 
because we should need a very great deal of study of the subject not only in rolling itaelf, 
but upon the effect on the other elements of design which would come into play the moment we 
changed the form to meet the required improved conditions of rolling. 

Mp. Macfaklane Gbay (Member of Council) : My I/)rd and Gentlemen, I rise only to speak 
in compliment of the remarkable machine whose ]}erfomiaiice3, as we witnesaed them, have so 
greatly astonished and pleased us. At our meeting here forty years ago, some of us enjoyed a practical 
demonstration of the same principles of flotation by the late Dr. Froude — the experiment of the water 
not overflowing a rocking cup. There was then a large tank with sides partly of glass, and on the water 
in the tank a wave was set up, and on the surface of the water there floated a tiny raft carrying 
a small bell in a frame. When on the wave, the clapper still hung m the centre line of the bell,, 
never striking, as if it said to the wave : " Do your utmost, you cannot disturb me, my plumb line 
is the normal to your surface, however much that surface may be inclined." Eighteen years ago, in. 
a discussion here, I made a i-emark which is recalled to my mind by this beautiful machine. I 
explained that the principles of stability of a vessel and the nature of the metaceutre were truly 
illustrated in a child's rocking-cradle. The rocker cui-ve is the curve of buoyancy, and the centre 
of curvature of the middle part of the curve is the metaceutre. Captain Russo has this rocker 
curve in his machine, and he rocks it upon a plane t« which he gives the motion and the 
inclination of any specified \\a.\f. I cannot express to the full the admiration I have for this- 
miurellous mathematical automjiton. While looking at it, I said to Lord Glasgow, " What ability 
in conception, what patience in perfecting, and how excellent the woi'kmanship ! And this is the work 
of a foreigner ; these are the men wc have to contend with." Let every Englishman, Scot, and Irishman 
realise this. 

Mr. J. I. THORNYCROPr, LL.D., F.R.S. (Vice-President) : My Lord and Gentlemen, I should 
like in a few words to say how much I admire this machine, and that I think it will 
draw us cun^ea which are most insti-uctive, and likely to lead to very useful results. Captain Russo 
has solved a moat difficult problem. He has repi'oduced the complete motion of one pai-t of a 
simple wave, giving the period at the same time, and the correct inclination, with great accuracy, 
I wish to say how much the Listitiition is indebted to the author for bringing his machine before us. 

Sir Nathaniki, Babnaby, K.C.B. (Vice-President): Might I, my Lord, suggest one thing? Mr. 
Macfarlane Gray has spoken about contention, but what we have to remark, I think, is the extreme 
kindness of the Minister of Marine in Italy, in taking care that we should see this apparatus, and 
I therefore propose that we should ask you to be so good as to convey to him our thanks for his 
great courtesy. 

Mr. A. F. Yarrow (Viee-Piwaident) ; I should like, my Lord, to second Sir Nathaniel Bamaby's- 
proix>sitI. 

The Right Hon. the Earl of Glasgow, G.C.M.G. (the President) : I am much obliged to Sir 
Nathaniel Bamaby for proixraing it. If no one else had done so, I was prepared to do it mjself. 
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I understand it ia the wish of the meeting that I should communicate to the Minister of llarine 
in Italy our thanks for his kindness in allowing Captain Busao to bring his wonderful machine 
here for ua to aeo. Kow, gentlemen, I think you will all agree with me when I ask you to give 
Captain Ruaso a most hearty vote of thanks for his interesting |>aper, and for allowing us to see 
Jiia most beautiful apparatus. 

Captain G. Rvsso (Member) : My Lord aud Gentlemen, it would Ije a serious task for me to reply 
to the discussion of my pai>er, not being aa proficient in the English language as I should wish. 
Nevertheless, the careful maimer in which my experimental demonatration has Ijeeu followed, and the 
very kind words in which Mr. Froude, Mr. Denny, Professor Biles, Mr. Macfarlane Gray, ilr. 
Yarrow, and Mr. Thoniycroft ha\e expressed their opinions ulwut my poor work, leave me, as my 
principal duty, the ver)' agreeable one of expressing my most grateful thanks for the welcome given 
to my paper to-day, which I do verj' heartily. I am also much honoured by Sir Nathaniel Bamaby's 
proposition, and I am certain that the Italian Minister of Marine will lie verj' ])Iea3ed by the ^ote 
of thanks addressed to him. 
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THE STKAINING ACTIONS ON THE DIFFERENT PARTS OF A CRANK 

SHAFT, ILLUSTRATED BY AN ACTUAL CASE OF A 

FOUR-CRANKED MARINE SHAFT. 

By ProfeBBor S. Duhkebley, Associate. 

[Read at the 8priDg Meetings of the Forty-third Sessiou of the iDstitution of Naval Architects, 
March 20. 1902 ; A. F. Tabrow, Esq., Vice-President, in the Chair.] 



>§ 1. The object of this paper is not to bring forward any new theories regarding the 
strength of crank shafts, but to simply lay on record an actual case of a crank shaft in 
which the straining actions on the different paxts — pins, arms, and shaft — have been 
■worked out from the actual indicator cards. The general methods of determining the 
various straining actions are familiar to most engineers ; but the work and time that 
have to be spent in order to show how the straining actions at any particular section 
vary from moment to moment are considerable. The example quoted refers to a 
modem type of marine crank shaft in which there are four cylinders and four cranks, 
the centre lines of the cylinders being parallel and in the same plane, and in which 
the cranks and reciprocating masses are so disposed as to ensure a "balance." The 
results were primarily intended to illustrate the author's lectures at the Royal Naval 
College, Greenwich, but it was thought that they might be of sufBcient interest to 
justify bringing them before the members of this Institution. The writer desires 
to acknowledge his indebtedness to Sir John Durston, K.C.B., R.N., for granting him 
permission to use, and to Mr. Emdin, Chief Engineer, E.N,, for kindly obtaining for 
him, the necessary data for the paper ; and also to Mr. A. H. Roberts, of the 
Mechanical Department of the Finsbury Technical College, for his valuable assistance 
in the preparation of the diagrams for reproduction. One of the most interesting and 
important results of the investigation is that, in the type of engine discussed, the 
aftermost crank pin is by no means the most severely stressed part of the crank shaft. 

Chakacter of Straining Actions. 

§ 2. Before considering the case of the four-cranked engine, it might, perhaps, be 
desii'able to briefly refer to the different straining actions on the different parts, so 
that there will be no difficulty in following the subsequent work. 

§ 3. The force acting on uny crank pin is simply the effective force transmitted 
through the connecting rod. The magnitude of this force is shghtly greater than the 



yGoogk 



100 THE STRAINING ACTIONS ON THE DIFFERENT PARTS OF A CRANK SHAFT. 

corresponding effective piston pressure on account of the obliquity of the rod. 
(With a rod four times the length of the crank, the force in the rod only exceeds the 
force on the piston hy about 3 per cent, at most.) It is usually convenient — although, 
in many cases, by no means necessary, or even desirable — to resolve the force P in 
the rod into two components — viz. : (1) a force Q perpendicular to the longitudinal 
plane of the crank arms and shaft, and (2) a force K in the longitudinal plane of the 
crank arms and shaft (Fig. 1, Plate XI.). The force R induces only a bending moment 
(and shear) at any section, but the force Q induces a twisting moment in addition. In 
what follows, in determining the straining actions at any section, we have adopted 
what is usually termed the " method of sections." Moreover, we assume the force to 
act on the pin at the centre of its length, instead of being distributed in some manner 
over the length of the pin. This assumption will over-estimate the bending moment 
on the pin, and, therefore, errs on the right side. 

Case op a Single-Cranked Engine. 

§ 4. Consider a single-cranked shaft, supported on two bearings, in which the power 
is taken off at one end. Let us assume that the bearings exercise no constraint on 
the shaft. 

§ 6. First, consider the forces in the longitudinal plane of the crank arms and shaft. 
The force E (Fig. 2, Plate XI.) causes reactions Kj and R, at the bearings, the magnitudes 
of which can be found as in ordinary beams. For convenience, let us consider a shearing 
force as positive when the left-hand section tends to slide down relatively to the right, 
so that a bending moment is positive when the forces to the left of the section tend 
to*cause a counter clockwise rotation. Then, in addition to the shear R,, the part 
C -D of the shaft is subjected to a bending moment which varies uniformly from zero 
at C to Ri • CD at D. The arm ED is subjected to a longitudinal force Ri and a 
bending moment R^ . C D, which is the same at every section. The pin is subjected 
to a shear R^ from E to B, and a bending moment which varies from Rj . C D at E 
to El . C A at B, whilst from B to F it is subjected to a shear Ri — E (= — R,) and 
a bending at F of R, . C G - E . B F {= + R, . G H). The arm F G is subjected to 
a bending moment of the same amount (viz., + Ej . GH) and a longitudinal force 
Ri — R ; whilst the shaft from G to H is subjected to a bending moment which decreases 
uniformly from R3 . G H at G to zero at H, together with a shear Rj — R. In fact, 
the curves of bending moments for the shaft, pin, and arms are as shown in Fig. 3. 

§ 6. Next consider the force Q, which acts perpendicularly to the longitudinal plane 
of the arms and shaft (Fig. 4). Let us consider the twisting moment on the pin and 
shaft, and also the bending moment on the arms as positive, when, looking from aft in 
a forward direction, the forces forward of the section tend to cause a clockwise rotation. 
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(The rotation of the shaft subsequently considered, looking from aft to forward, was in 
a clockwise direction.) Let the bending moment on the shaft and pin, and also the 
twisting moment on the arms, be reckoned positive, when, looking along the arms from 
the pin towards the shaft, the rotation is counter clockwise. Then, for equilibrium, we 
have reactions Qi and Q^ at the bearings, the magnitudes of which are obtained in the 
usual way, and a twisting moment T (= Q . A B) applied at the aft end of the shaft. In 
addition to the shearing force, the part C D is subjected to a bending moment, which 
varies uniformly from zero at C to Qi. C D at D. If we consider any section X of the arm 
D E, the only force which acts to the left of the section is Q„ and this causes a couple 
•Q, . C X acting in the plane perpendicular to the longitudinal plane of the cranks, 
whose trace on that plane is C X. The component of this couple in the plane whose 
trace is ED, viz.: Qi . D X, constitutes a bending moment on the arm, whilst the 
■component iu the plane whose trace is CD, viz.: Qi . CD, constitutes a twisting 
moment on the arm. Thus the arm D E is subjected to a twisting moment Qi . CD, 
which is the same at every section, and a bending moment which varies uniformly 
from zero at D to Qj . E D at E. If we consider any section of the crank pin, such as 
Y, the forces to the left of the section are Qi and Q, and therefore at Y we have a 
couple Q, . C Y acting in a plane whose trace is C Y, and a couple Q . B Y acting in a 
plane whose trace is B Y. These are equivalent to a twisting moment Q, . B A, and a 
bending moment Qi (A C + B Y ) — Q . B Y. Thus the crank pin is subjected to a 
twisting moment Q, . AB, the same at every section, and a bending moment which 
increases uniformly from Q, . C D at E, to Qi . C A at A, and then decreases uniformly 
to Qi . C G — Q . FB (= Q;j . G H) at F. If we consider any section Z of the arm 
F G, the forces to the left are Qi and Q, which give rise to couples Q, . C Z and Q . B Z 
in the planes whose traces are C Z and B Z. Resolving, these give a twisting moment 
Qi.CG - Q.EB (= Qa.GH), and a bending moment Qi . Z G + Q . Z F. 
Thus the bending moment varies uniformly from Q, . F G at F to Q . F G at G ; or, 
expressed in words, from the twisting moment on the crank pin at the crank pin end, 
to the twisting moment on the crank shaft at the crank shaft end. This is true, 
of course, for every crank anu, as is also the statement that the twisting moment on 
a crank arm is equal to the bending moment on the crank shaft at a section through 
the arm. The ti-uth of these statements is obvious without the detailed analysis 
given above. The shaft G H is subjected to a bending moment which varies 
uniformly from Q3 . GH at G to zero at H, and to a twisting moment equal at every 
section to Q . A B. The curves of bending and twisting moments are as sketched 
(Figs. 4 and 5, Plate XI.), the planes in which the different couples act being 
sufficiently clear from the diagram. 

$ 7. By considering the forces in and perpendicular to the longitudinal plane of 
the arms, the nature of the straining actions at any section is readily seen. To find the 
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resultant bending moment at any section of the shaft and pin, we may, since these are 
of circular section, combine the moments in the above two planes. If Mi, Ma be the 
bending moments, at any section, in and perpendicular to the longitudinal plane of 
the cranks, the resultant bending moment at that section is — 

Vm,* + W 

At the section B of the crank pin, it is therefore simply — 

AC v'Ri'Tqt; 

This, of course, might have been obtained without resolving the' force P into its two 
components. Thus, in Fig. 6 (Plate XI.), the reactions due to P are the two parallel 
forces Pj and P^. If we consider, say, the section B of the crank pin, the only force 
to the left of that section is Pj. The couple due to Pi is equivalent to a bending 
moment Pi . C A, acting in the plane containing the line of action of P, and parallel 
to the axis of the shaft (and therefore difEering but little from the longitudinal plane of 
the cylinders), together with a twisting moment acting parallel to the plane containing 
A B and the line of action of P, and equal in magnitude to Pi multipHed by the 
perpendicular distance of A from the line of action of P. The bending moment — 

Pi . C A = C A v' Ri' + Qr, 

since Ei and Qi are the components of Pi, just as R and Q are the components of P. 
The twisting moment has the same value as Qi . AB, since the component R in the 
plane of the crank produces no twisting moment. Thus, in the simple case considered, 
in order to find the resultant bending and twisting moments at any section of the 
shaft and pins, it is shorter not to resolve P into its two components. In dealing with 
the arms we must find the moments in, and perpendicular to, the longitudinal plane of 
the cranks, because the arms are not of circular section, and in more complicated cases 
we shall find that the resolution is necessary even for the shaft and pins. In any case, 
resolving the forces into the two components probably makes the character of the 
straining actions clearer than would otherwise be the case. 

§ 8. It is clearly desirable to be able to predict the positions of the crank when 
the straining actions at any particular section reach their maximum value. The direct 
bending moment (M) on the pin is a maximum when the force in the connecting rod is 
a maximum, that is to say (neglecting the slight effect of obliquity), when the effective 
force on the piston is a maximum. The twisting moment on the pin, in a single- 
cranked engine, is a constant proportion of the twisting moment due to the cylinder^ 
viz., the proportion — 

Q,_AH 

« ~CH 
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<since the twisting moment on the pin is Q, . AB and of the cylinder Q . AB) ; it is 
therefore a maximum when the twisting moment T of the oyhnder is a maximum, 
which, of course, need not by any means be when the piston pressure is a maximum. 
The direct stress induced in the pin has the same magnitude as the shear stress 
calculated from what is usually termed the equivalent twisting moment, and, there- 
fore, to obtain the maximum value of the direct stress, we require the position of 
the crank which gives us the maximum value of — 

M + s/ w^■ q7'Ta b" ' 
or of — 

M + Vm^ + T*. (§!)*■ 

This position of the crank cannot definitely be predicted. When the crank is in the 
position corresponding to maximum piston pressure, M (very approximately) has its 
maximum value, but T has not, perhaps, reached its maximum. As the orank rotates 
AI will decrease and T, probably, increase; so that whether the above expression 
increases or decreases can only be found by calculating its value for a number of 
positions of the crank. Probably it will be found — more particularly since M appears 
twice in the above expression — ihat the increase in T is not sufficient to counter- 
balance the decrease in M, so that as a first approximation we may say that the 
maximum equivalent twist will take place in the position of the crank for which the 
force on the piston is a maximum (see § 25). 

$ 9 So far as the arms are concerned, the twisting moments on them depend on 
the values of the reactions perpendicular to the longitudinal plane, and have, therefore, 
their maximum value when these reactions are a maximum ; that is to say, when Q is 
a maximum, or when the crank is in that position for which the twisting moment 
is a maximum. This, likewise, is the position of the crank when the bending moments 
on the arms, in the plane perpendicular to the longitudinal plane of the cranks, have 
their maximum value. The bending moments on the arms in the longitudinal plane 
are a maximum when the component of the force in the rod resolved along the crank 
arm has its maximum value. 



Case of a Multiple-cranked Engine when the Effect of Continuity of Silvft 
is neglected. 

§ 10. In the above we have assumed that we have a single-cranked engine in which 
the power is absorbed at one end. Now, suppose that the crank considered is one of the 
cranks of a multiple-cranked engine and that the forward cylinders transmit a combined 
twisting moment Tj. Let us further assume that each part of the crank shaft — from 
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journal to journal — may be considered an independent beam, or, in other words, let us 
assume that the bending moment at each journal is zero. Then the straining actiona on 
the different parts due to the piston pressure of the cylinder considered can be determined 
in exactly the same manner as before, and the eflfect of the twisting moment Ti from 
the previous cyUnders, is to simply increase the twisting moment on the pin and shaft, 
as well as the bending moment on the arms in the plane perpendicular to the longi- 
tudinal plane of the cranks, by the amount Tj (Fig. 6, Plate XI.). The total bending 
moment on the shaft and pin, and also the bending moment on the arms in the longi- 
tudinal plane of the cranks, as well as the twisting moments on the arms, will be 
unaffected by Tj, provided, of course, that each part of the shaft may be considered 
a separate beam. Thus the direct bending moment, M, on the pin is a maximum 
when the force on the piston is a maximum ; the direct shear stress on the pin is a 
masinmm when — 

''^' "•" ''^ ■ C H 

is a maximum ; the resultant direct stress on the pin is a maximum when — 

M+^/u'+ (Ti + T. J-iy 

is a maximum ; the bending moment, perpendicular to the longitudinal plane of the 
cranks, is a maximum on the forward arm when — 

^^■'"'^'CH 

is a maximum, and on the aft arm, when Tj + T is a maximum ; the bending moment 
on the arms in the longitudinal plane of the cranks is a maximum when the component 
of the force in the rod resolved along the crank radius is a maximum ; and the twisting 
moment on the arms is a maximum when T is a maximum. 



Case of Multiple-ckasked Engine when the Effect of the 
Continuity of the Shaft is considered. 

§ 11. Now, as a matter of fact, the assumption just made, viz., that the shaft is sub- 
jected to no bending moment at any of the journals, although it simplifies the problem 
considerably, cannot be strictly true. The shaft is in the condition of a continuous 
beam carrjing concentrated loads, and the reactions at the main bearings might be 
quite different from those previously assumed. The precise determination of those 
reactions is a matter of great difficulty, but, assuming them to have been determined, 
the methods already given may be applied — always remembering that in taking any 
section we must consider all the forces to the left of the section. Thus, for simplicity, 
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take the case of a multiple-cranked engine in which the cranks are parallel, and 
resolve the forces along each of the rods (the rods need not, of course, be parallel) into 
two components, Q and R, perpendicular to the longitudinal plane of the cranks, 
and in the longitudinal plane, as before. Consider, first, the forces in the longitudinal 
plane (Pig. 7, Plate XI.). The forces Rj, Ej, Rj . . . will give rise to reactions B.^, E^ ... at 
the different journals, the magnitudes of which will depend upon the forces Rj, R^ . . . 
(The directions of all the reactions have been drawn opposite to the forces, but this 
need not be the case, nor need the forces all act in the same direction.) The shaft, 
arms, and pins are, in this plane, subjected only to a bending moment (neglecting the 
shearing force). If we assume that the bending moment at the outermost journal A is 
zero, the bending moment at any section, such as X, is clearly 

R„.AX-R,.GX + R,.BX-Rj.HX + ... +R^.DX 
= R,.AD-Ri.GD-|-R,.BD- Rt.HD + . . . 
+ (R. - R, + Rt - Rj, + . . . + R^) . D X 
= M^+Fd.DX. (1) 

in which M^ is the bending moment at the journal D, and F^ the shearing force just to 
the right of D. Knowing, therefore, the bending moments and the shearing forces at 
the difTerent journals, we can at once get the bending moment at any section of the 
shaft, pin, or arms. If we assume the crank shaft to behave like a beam of uniform 
section, in which the points of support are all on the same level, the Equation of Three 
Moments for concentrated loads can be readily shown to be given by the formula* — 
M,li + llji + 2M,iii + It) 
= Ri /i» fti (1 - &i) (1 + Ai) + Rj V kt (1 - k,) (2 - kt), (2) 

in which the different symbols have the meanings ascribed to them in Pig. 8, and in 
which Mo, Mft, M, are the bending moments at the points of supports A, B, and C. 
This equation applies to any two adjacent spans, so that if we have (as in Fig. 7) five 
spans, we get four equations between the six nnknown quantities Mo, M^, M„ M^, M„ 
and M,. To find their values we must, therefore, make two assumptions. We might 
assume that the values of M„ and Mj. are zero, or that the shaft is constrained in 
direction at the ends A or F. The first assumption is the simpler and, on the 
whole, possibly the more accurate. It is the assumption made in dealing with 

* It mast aot be taken for granted that this fonnuljt strictly applies to such a Btractnre ae a crank 
shaft. The bending of the arms themgelves, and the metbod of their attachment to the shaft 
and pins, might materially affect the problem. In addition, the pins and abaft nee<I not be of the same 
rize. The equation giTen, therefore, must only be looked upon as giving a Tery good approximation to 
the effect of continuity of the shaft. A rougher approximation will be given in § 14, but these 
objections are equally applicable to this rough approximation as to the above. 
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the actual crank shaft considered later on. Having thus determined the bending 
moments, the shearing force to the right of any bearing, such as D, is then given by 
taking moments about the next bearing, such as E, giving us an equation like — 
M, = M^ + Fj . D E - R4 . K E. (3) 

from which P^ may be determined. In this manner the shearing force to the right of 
any of the journals can be found, and so also the bending moment, M,, at any section 
X of the shaft or pin can be determined by equation (1). 

§ 12. Now, consider the forces, Q, perpendicular to the longitudinal plane of the 
cranks (Fig. 9, Plate XI.). If we consider any section X of the shaft, the reactions 
Qa, Qj . . . cause only a herding moment, whilst Qi, Q^ cause twisting as well as 
bending. Thus the bending moment at X, due to Qa is — Q3 . H X, whilst the twisting 
moment is Q2 x crank radius. The bending moment at X is therefore obtained exactly as 
before, with the exception that for R we substitute Q, and this applies equally for the 
pin as for the shaft. The twisting moment at X is, of course, merely the combined 
twist due to the cylinders forward of the section considered. The twisting moment 
on any arm such as N is equal to the bending moment on the shaft at the section N. 
The bending moment at N of the arm N 0, in the plane perpendicular to the longi- 
tudinal plane of the cranks, is (considering the forces to the left of N) equal to 
(Qi + Qa ■ ■ X crank radius, that is, is equal to the twisting moment on the shaft 
at N ; whilst the bending moment at the end O is 

(Qa + Q. + . . .) . N 

= (Qi + Qs + . . ■) N + (Q„ + Q, + . . . - Qi - Q. - . . .) N 

= twistiog moment from the previous cylinders 

+ shearing force at section N x crank radins. (4) 

This last expression is, of course, also the twisting moment on the crank pin. The 
bending moment on the aft crank arm varies from the twisting moment on the crank 
pin, at the crank pin end, to the total twisting moment due to all the previous 
cylinders (including the one under discussion) at the shaft end. 

§ 13. Now, in the general case, the cranks are not parallel. In any position of the 
crank shaft, such as is represented by the end view in Fig. 10, if we still consider the 
shaft to act as a continuous beam, we must resolve the force P, in each rod into two 
components, V and W, acting parallel to any two perpendicular planes ; and we must 
consider the effects of each of these two sets of forces separately. Probably the most 
convenient planes are the longitudinal plane of the cylinders and the plane througli 
the crank shaft perpendicular to this longitudinal plane. The isometric view (Fig. H, 
Plate XI.) shows the components taken parallel to these planes, and the longitudinal plane 
has been taken vertical in order to illustrate the shaft subsequently considered. The 
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components of the forces at the crank pins parallel to the longitudinal plane are simply 
the effective pressures on the different pistons, whilst the components perpendicular to 
this plane are equal to the guide reactions. The forces in the longitudinal plane are, 
therefore, very much the more important. Both seta of forces will cause bending and 
twisting moments on the shaft, arms, and pins. Considering one of the sets of forces, 
say the V-forcee, since these are all parallel, the reactions at the different journals are 
likewise parallel. Their magnitudes, and also the magnitudes of the bending moments 
on the journals, are determined in exactly the same way as described before for the Q and 
R forces. Thus, at every section of the shaft and pins, we can calculate the bending 
moment and shearing force in the two projection planes chosen, so that the resultant 
bending moment at any section is given by the square root of the sum of the 
squares of the two components. The twisting moment at any section of the shaft is, 
of course, simply the combined twisting moment of the cylinders forward of the section 
considered. The twisting moment at any section of a pin is the algebraical sum of the 
twisting moment due to the cylinders forward of the pin considered, and of the moment 
of the shearing forces, in the two planes of projection at the section considered, taken 
about the crank pin. This follows immediately from equation (4). The bending 
moment on a crank arm, perpendicular to the plane of the arm: and shaft, varies 
uniformly from the twisting moment on the shaft at the shaft end of the arm to the 
twisting moment on the pin at the pin end of the arm. The bending moment on an 
arm, in the plane of the arm and shaft, as well as the twisting moment on the arm, 
is the same at every section of the arm, and is determined as follows : — At the shaft 
end of any arm we can hnd the bending moments in the two projection planes, that is 
to say, in the two perpendicular planes which intersect along the axis of the shaft. 
The algebraic sum of the components of these couples, in the plane of the arm and 
shaft, constitutes the bending moment on the arm, and in the plane perpendicular to 
this plane and which contains the axis of the shaft, constitutes the twisting moment. 
Attention must, of course, be paid to sign in resolving the couples. These statements 
will be clear from an examination of Fig. 9 combined with the preceding analysis. A 
more detailed analysis is given later. Following the convention as regards sign given 
in §§ 5 and 6, in Fig. 11 (Plate XI.), down forces in the longitudinal plane, and forces 
acting from right to left (looking from aft) in the second plane of projection, must be 
considered positive. 

Rough Apphoxihation to Determine the Constrajnikq Effect of the Beabisgs. 

§ 14. The first assumption made in determining the straining actions, viz., assuming 
that there is no bending moment on the journals and that the twisting moment alone 
is transmitted from cyUnder to cylinder, enables the different straining actions to be 
readily calculated, but will, in general, overestimate the straining actions on the pins 
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and underestimate those on the journals — a very close approximation to the true 
straining actions being given by the method just described. A rough approximation 
to determine the constraining effect of the bearings is to assume that each bearing, 
instead of merely supporting the shaft, effectually constrains it in direction, so that 
each part of the shaft is in the condition of a beam, carrying a concentrated load, and 
fixed in direction at each end, each section acting as an independent beam whilst 
transmitting the twisting moment. This assumption would involve a bending moment 
on each journal, but would make the bending moment on the pin very much less than 
that estimated on the first assumption. It would, in fact, generally underestimate the 
straining actions on the pins and overestimate those on the journals. Thus, for 
example, if the load P were applied midway between the bearings, on the first 

p 7 
assumption the bending moment on the pin would be — and, on each journal, zero; 

on the second assumption, the bending moment on the pin and the two journals would 

be the same and equal to -^ > assuming I to be the same in each case (see § 34). 

The reactions in both cases would be the same, so that the twisting moments on the 
pins and shaft would be unaltered. Thus, if we estimate the straining actions on the 
first assumption, we can readily modify them to fit in with the third assumption, and 
so compare the results with the correct results, when the effect of continuity is 
considered in the manner described above.* The alterations in the straining actions 
on the arms could be found by the methods given above. 

The Analysis of the Actual Cbank Shaft. 

§ 15. The crank shaft chosen, as already pointed out, is that of a four-cranked marine 
engine of the inverted type, in which the reciprocating masses and cranks are so 
disposed as to ensure a balance. The longitudinal view of the crank shaft is shown in 
Fig. 12 (Plate XII.), and the end view, looking from aft in a forward direction, in Fig. 
13. The crank angles, direction of rotation, and centre line of the shaft, &c., with 
the leading dimensions are shown in Figs. 14 and 15. The stroke of all the cylin- 
ders is 4 ft., and the length of all the connecting rods 8 ft. The remaining leading 
data are given in Table I. 

§ 16. The case considered corresponds to a full-power trial when the engines were 
running at 124-2 revolutions per minute, and the combined hoi^e-power of the four 
cylinders 10,300. The only straining forces on the crank shaft are taken to be those 
due to effective piston pressure, the forces necessary to drive the valves, &c., being 
neglected. 

■ See remarke ia the footnote to 6 11. 
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TABLE I. 

Prikcipal Data. 

Stroke, 4 ft Length of Oonnecting Rod, K ft. Speed, 124':^ revolntiona per minute. 
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Cylinder. 


H.P. 


M.P. 


F.L.P. 


A.L.P. 


Diameter of piston in inches 


iiC 


59 


(18 


68 


Diameter of piston rod in inclieB 


9-.i 


9-5 


7-5 


7-5 


Effective area ati top end of cylinder in square inclies 


1,018 


2,734 


3,632 


3,632 


Effective area at bottom end of cylinder in square inches 


947 


2,6ra 


3,587 


.^,587 


Total weight {ia Ihs.) of purely recipi-ocating parte (/.c, 
piston, piston rod, and crosshead complete) 


' .'),7« 


6,470 


.1,980 


5,98(1 


Weight (in lbs.) of connecting rod complete 


8,190 


8,191) 


4,600 


4,6(H) 



The indicator cards are shown in Figs. 16 to 19 (Plate XII.), the full line referring 
to the bottom end, and the dotted line to the top end of the cylinder. The mean 
effective steam pressures and horse-powers are given in Table II. 

TABLE II. 
Power Developed is the Dipperekt CTLitfOERs. 



cylinder. 


H,P. 


M.P. 


F.L.P. 


A.L,P. 


Mean effective preasnre at botlom end 
in lbs. per square inch 


ll()-6 


44-8 


16-42 


1707 


Mean eflEectiTe pressure at top end 
in lbs. per square incli 


108-2 


41 1-2 


l.r92 


17-02 


Mean effective pressure for the two ends 
in lbs. per square inch 


109-4 


425 


l(i'17 


17-04 


Horse-power developed 


3,240 


3,4.')tl 


1,760 


l,8.i0 



Very approximately, therefore, the power developed in each of the H.P. and M.P. 
cylinders is one-third, and in each of the L.P. cylinders one-sixth of the total. 

Effective Piston Forces. 
§ 17. In order to get the effective force transmitted to the crank pin for any position 
of the piston , we must first take the difference of the forces due to steam pressure on the 
two sides of the piston. Thus, taking the H.P. cylinder, when the piston is moving 



y Google 



110 THE STRAINING ACTIONS ON THE DIFFERENT PARTS OF A CRANK SHAFT, 

up, and has moved through one-quarter of the stroke from the bottom end, the gauge 
pressure in pounds per square inch is 232 on the bottom side, and 85 on the top side 
of the piston. The effective up force due to steam pressure is, therefore, 232 x 947 
— 85 X 1,018, that is 133,000 lbs., or 59-5 tons. In this way we obtain Figs. 20 -23 
(Plate XII.). In all these figures the ordinates to the curves U U and D D, reckoned 
fTx>m the " steam " line S S, give the total effective up or down force due to steam 
pressure, in tons, on the piston in any position. Ordinates above S S correspond to 
an up force, and below S S to a down force- 

MODIFICATION DUE TO WEIGHT OF MoVISG PaBTS. 

§ 18. The second thing that we have to do is to modify these forces on account of 
the weights of the moving parts. The purely reciprocating parts clearly cause a down 
force in all positions of the piston equal to their weight. The effect of the weight of 
the connecting rod, in modifying the force transmitted to the crank pin, is not so simple ; 
but very approximately, so far as the weight of the rod is concerned, we may take the 
effect to be the same as if a weight equal to that of the rod were concentrated at 
the crosshead pin.* In that case, in the high pressure cylinder, for example, the total 
down force due to the weights of the moving parts, will be 5,740 + 8,190 = 13,930 lbs. 
z= 6'22 tons. We need, therefore, only to shift our datum line up through this distance, 
and so get the " weight " line W W as our new datum from which to measure our up 
or down forces. In the M.P. cylinder the vertical shift of the datum line is 6'54 tons, 
and in the two L.P. cylinders 4-71 tons. 



Modification Due to Inertia op Moving Pakts. 
§ 19. The third thing is to correct these forces on account of the inertia of 
the moving parts. The correction necessary for the purely reciprocating parts 
is a simple matter. If, in any position, the acceleration of the piston is/ 
feet per second per second, the force necessary to cause this acceleration is/ 
multiplied by the mass (i.e., weight -i- 32'2) of the reciprocating parts. The 

" This, of eoui-Be, refers only to aii engine in wliicb the piBtoiis move vertically. To 
determine the precise effect on the turning moment on the crank shaft, the weight W (Fig. A) 
of the rod cauaee reactions at the crosshead and ci-ank pins ; neglecting friction, that at the 
croBBbead must he pei-pendicuiar to the guides, and, therefore, that at the ci-ank pin most act 
along O B. The force along B can be found by the triangle of forces, i.e., by drawing a 
triangle whose sides are parallel to G, M, B. In fact, if GC be drawn perpendicular 
to the stroke, then, if G represent W, DC is the force on the crank pin. The moment of 
that force about A is the turning moment on the shaft due to the weight of the rod. If 
the weight W were concentrated at the crosshead pin, the moment would have been W . A N, 
* which differs but slightly from the true moment, the point N being the point in which the 
Fig. A connecting rod produced meets the peq^endicular through A to the line of stroke. 
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motion of the connecting rod is, however, comphcated, but it may be shown* 
that, so fat as the effect on the crank effort diagram is concerned, we 
may very approximately reproduce it by imagining a certain fraction of its mass to 
move with the purely reciprocating parts. That fraction is the ratio of the distance 
of the centre of gravity of the rod from the crank pin to the total length of the rod 
(i.e., gjv iu Fig. A), and, in the case considered, is -38. Thus, in the four cylinders,, 
the weight of the reciprocating parts + -38 of the weight of the rod will be 8,850, 
9,580, 7,730, and 7,730 respectively, and, therefore, the muss (i.e., weight-;- 322) will be 
275, 298, 240, and 240 respectively. These numbers multiplied by the acceleration of 
the piston will give us the inertia force which has to be. subtracted from or added to 
our previous results according as / is positive or negative (that is to say, according 
as the piston is being accelerated or retarded). At the bottom and top ends of the 
stroke, /has the values (assuming the crank shaft to rotate uniformly) — 



IT 



in which w is the angular velocity of the crank shaft iu radians per second, r the crank 
radius in feet, and n the ratio of the length of the connecting rod to the crank radius. 
In any other position it is very approximately given by the formula — 



in which is the angle turned through by the crank measured from the bottom dead 
centre.! In the case under discussion, m = 4, and the revolutions per minute 124'2, 
so that <u = 13, w^ = 169, and w^ r = 338. Thus on the up-stroke the acceleration is 
+ 253 ft. per second per second at the bottom end, and — 422 at the top end. In 
the down-stroke it is + 422 at the beginning and — 253 at the end of the stroke. The 
force necessary to cause the acceleration in the up-stroke, or the retardation in the 
down-stroke, is, therefore, in the high-pressure cylinder, 275 x 253 = 69,676 lbs» 
= 31 tons at the bottom end ; whilst the corresponding quantity at the top end is. 
51-6 tons. When the piston has moved through one quarter of the up-stroke, 
measured from the bottom end, = 66°, and the acceleration is, therefore, 193 ft. per 
second per second, and the corresponding inertia force, in the high-pressure cylinder, is 
63,000 lbs., or 23'7 tons. In the early part of each stroke, the effective force trans- 
mitted to the crank pin is reduced, and in the latter part increased. The correction 
for inertia is, therefore, made by erecting on the line W W a line the ordinales to which, 
represent the force of acceleration in the difierent positions of the piston. It is repre- 

• See Engineering, Jnne 2, 1899 (Vol. LXVII., p. CgS), " On the Connecting Rod Problem," bj- 
Prof. Donkerley. 

f For a convenient geomtttrical construction involving this formula, see tLe above article. 
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sented by the line 1 1 in Figs. 20 to 23 (Plate XII.). Thus for the H.P. cyUnder, the 
ordinate at the bottom end, reckoned from W W, is 31 tons, and at the top end is 
— 51*6 tons. The ordinates between the curves U U, D D, and the " inertia " line 1 1 
may now be taken to represent the effective up or down force transmitted from the 
piston to the crank pin : an up-force if the curves he above 1 1, a down-force if they lie 
below it. It will be noticed that in the L.P. cylinders — particularly at the commence- 
ment of the down-stroke — the force necessary to cause the acceleration of the moving 
parts is greater than that available from the steam and weight forces, with the result 
that near the beginning of the stroke the crank shaft drives the piston. 

Twisting Moments on the Diffekent Parts of the Shaft. 
§ 20. The next step in the analysis is to determine the twisting moments on the diffe- 
rent parts of the crank shaft as the crank rotates. The results are shown in Figs. 24, 25, 
26 (Plate XIII.). The turning moment due to the effective force on any piston is obtained 
by multiplying that effective force by the distance A N in Fig. A (§ 18). Thus, for 
example, in the H.P. cylinder, when the piston has moved through one-quarter of the 
up-stroke, the effective piston pressure, from Fig. 20, is 29'6 tons, and the intercept A N 
is 1'67 feet. The turning moment on the crank shaft is therefore 49'4 foot tons, 
the crank angle which the H.P. crank makes with the bottom dead centre being 06". 
(In this position the F.L.P. crank makes an angle of 261" with its bottom dead centre.) 
The various twisting moment curves have been plotted on a crank angle base, the 
angle in all cases being determined by the angle which the F.L.P. crank has turned 
through from its bottom dead centre. The turning moment diagrams due to the 
separate cylinders have been placed at the proper angle difference vrith respect to the 
r.L.P. crank ; the angle differences being given by Fig. 14 (Plate XII.). The turning 
moment curves due to the F.L.P. and H.P. cranks separately are shown by the faint 
curves in Fig. 24, that due to the M.P. cylinder alone by one of the faint curves in Fig. 
25, and that of the A L.P. cylinder alone by one of the faint curves in Fig. 26 {Plate 
XIII.). Thus, for the H.P. curve, the ordinate at an angle 261° is 49-4 foot tons. Pro- 
ceeding from forward to aft, the thick line in Fig. 24 represents the combined twisting 
moment due to the F.L.P. and H.P. cylinders. That curve is reproduced (faintly) in 
Fig. 25, and the thick line of that figure represents the twisting moment due to the 
F.L.P., H.P., and M.P. cylinders. This last curve is reproduced in Fig. 26, and, com- 
bined with the twisting moment of the A.L.P. cylinder, gives us the thick line of 
Fig. 26, which represents the turning or twisting moment transmitted to the propeller 
■shaft. The curves give us the twisting moment at any particular journal for all posi- 
tions of the cranks. The principal results are given in Table III. It will be noticed 
that in the propeller shaft the maximum twisting moment is 1*16 times the mean 
and the minimum *8 times the mean. 
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TABLE III. 
Twisting Mombbts on Shaft, in Foot Tokb. 



CyliodOT*. 


F.L.P. 


H.P. 


M.P. 


AXJ". 


F.L.P 
+ H.P. 


F.L.P.+HJ'. 
+M.P. 


F.L.P.+H.P.+ 
UJP.+A.L.P. 


Maxinmin ... 


87-6 


138-0 


ISS^O 


88-4 


202-0 


230-0 


2200 


Mmn 


33-2 


61-0 


65^0 


35^0 


94^2 


159-0 


194^2 


Uinimiim 


-9-0 


0-0 


0^0 


-10-0 


-7-5 


98-0 


1550 


Ratio of maximnm to mean 


264 


2-26 


2^13 


2-52 


2-14 


1-45 


116 


Ratio of mininiTim to mean 


-0-27 


0-0 


0-0 


-0-29 


-0-08 


■62 


■80 


Ratio of maximnm to tlie 
on tile propeller ahaft 


■45 


■71 


■71 


■45 


1-01 


M8 


1^16 



BENDiNd Moments on the Pins. 
§ 21. The next thing to consider is the bending moment on the various crank pins. 
The assumption that we first make is that the bending moment on the shaft at each 
of the journals is zero, so that only the twisting moment is transmitted froiii crank to 
crank. It at once follows that if F be the force transmitted along the rod in any 
position of one of the cranks, then, referring to Fig. 6 (Plate XI.), the bending moment 
on the pin is greatest at the section where the load, supposed to be concentrated, comes 
on the pin. (Calculating the bending moment on the assumption of a concentrated load 
gives us a slightly greater value than if we assumed it distributed.) Its value would be 
given by the expression Fi"AC or F* — (jti~) which, for any cylinder, would be a 
constant multiple of P, The value of P, for any position of the piston, may be taken to 
be slightly greater, on account of obliquity of the rod, than the corresponding eSective 
pressure on the piston,* and can therefore be readily estimated from Figs. 20 to 23 (Plate 
XII.). Thus, for example, in the H.F. cylinder (measuring distances from the centres 
of the journals) we have (from Fig. 15) A C = 3-33 ft., AH=3-22 ft., and C H = 6-65 
ft., 80 that the bending moment on the crank pin is 1-638 P foot tons, P being in tons. 
When the H.P. piston has moved through one-quarter of the up-stroke, the effective 

* Heve we are aBBomiiig tliat the whole force on the pin actB in the direction of the rod. This ia 
not strictly true so far as the forces dne to the weight and inertia of the rod are concerned, but the 
difference is very small. Thus in Fig. A (§ 18), the force on the pin dne to the weight of the rod 
acta along B instead of MB. 
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force on the piston is 29'6 tons, so that the force in the rod would be about 30*5 tons, 
and, therefore, the bending moment on the pin, in this position, 1-638 x 30-5 =60-0 foot 
tons. The angle through which the H.P. crank has turned from the bottom dead 
centre in the direction of rotation is 66°, so that, by proceeding in this way, we can 
plot a curve of bending moments for the pin on a crank angle base. This has been 
done for the four cylinders, and the results are shown in Figs. 27 to 30 (Plate XIII.)- 
In interpreting these diagrams, it should be remembered that the plane of the bending 
moment is that which contains the centre line of the connecting rod and is parallel to 
the longitudinal plane of the shaft, and therefore differs but little from the 
longitudinal plane of the cylinders. Barring obUquity, the shape of the curves would 
be exactly similar to curves of effective piston pressure, plotted on a crank angle base. 
Following the convention as regards sign in § 13, when the force in the rod is an 
up-force {i.e., the rod is in tension), the bending moment has been considered positive; 
when a down-force, negative. In all cases, the angles given are the angles which the 
crank considered has turned through from its bottom dead centre. 



Twisting Moments on Crank Pins. 

§ 22. As regards the twisting moment on the crank pin, its magnitude depends upon 
the twisting moment transmitted from the forward cylinders, and also upon the reaction 
at the forward journal of the cylinder considered. Beferring to Fig. 4 (Plate XI.), the 
twisting moment due to the reaction is equal to Q, x crank radius, i.e., to Q x crank 
radius x -^-^ = twisting moment due to the cylinder considered x j^. For any 
cylinder this multiplier is constant, so that the twisting moment on the crank pin due 
to the cylinder considered is represented by a curve exactly similar in shape to the 
twisting moment curve of that cylinder. For example, in the high-pressure cylinder— 

A H = 3-22, C H = 6-55, and .-. ^ =-492. 

When the H.P. crank has turned through an angle of 66° from its bottom dead centre 
(corresponding to one-quarter of the up-stroke of the piston), the turning moment due to 
the high-pressure cylinder is 49-4 foot tons, and therefore the twisting moment on the 
H.P. pin, due to the reaction, is -492 x 49-4 = 24-2 foot tons. In this position of the 
H.P. crank, the F.L.P. crank has turned through an angle of 261° from its bottom dead 
centre, and therefore, from Fig. 24 (Plate XIII.), the twisting moment transmitted from the 
F.L.P. crank is 70-0, giving a total twisting moment on the H.P. pin of 24-2 + 70-0 = 
94*2foot tons. By proceedinginthis way, we can get the total twistingmoment for different 
positions of the crank, and plot the results on a crank angle base. The curves for the four 
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cylinders are shown in Figs. 31 to 34 (Plate XIII.). Fig. 31 refers to the F.L.P. crank. 
Since no twisting moment is transmitted forward of this crank, the total twisting moment 
on the pin is that due to the reaction on the forward journal. Fig. 32 refers to the H.P. 
cylinder. The ordinates to the dotted line give the twisting moment on the pin due to 
the reaction on the forward journal ; the chain-dot line is the curve of twisting moments 
from the forward cylinders, i.e., in this case from the F.L.P. cylinder, the curve heing 
set at the proper phase angle difference with respect to the H.P. crank ; whilst the fall 
line represents the total twisting moment on the pin, obtained by taking the algebraic 
sum of the ordinates of the two preceding curves. Thus at 66°, the ordinates to these 
three curves are respectively 24"2, 70'0, and 94*2 foot tons. Figs. 33 and 34 are similar 
to Fig. 32, the dotted line being the twisting moment on the pin, due to the reaction on 
the forward journal of the cylinder considered, the chain-dot curve representing the 
twisting moment transmitted from the previous oyHnders (in Fig. 33, it is the twisting 
moment curve of the F.L.P. + H.P. cylinders from Fig. 24; in Fig. 34, the twisting 
moment curve of theF.L.P.+H.P.+M.P. cylinders from Fig. 25), and the fall line giving 
the total twisting moment on the pin. The twisting moment is considered positive 
when it acts in the same direction as the direction of rotation of the engine, and in all 
cases, the angle is the angle turned through by the crank, considered from the bottom 
dead centre. 



Equivalent Twisting Moments oh Chakk Pins. 

§ 23. Having thus obtained the bending moment (M) and twisting moment (T) on 
the crank pin, we can now find the equivalent twisting moments which may be used in 
order to calculate the maximum shear and the maximum direct stress induced in the 
crank pin. The former is given by 

Vm' + t*, 
and the latter by 

M + Vm» + T», 

the latter being the more important of the two. The magnitude of the shear stress 
derived from a twisting moment of magnitude equal to 

M4- Vm* + T*, 

is equal to the magnitude of the maximum direct stress in the pin. We may represent 
these moments by curves which are shown in Figs. 35 to 38 (Plate XIII.), and 
which are derived from the previous figures by taking corresponding values of M and T. 
Thus, in the H.P. crank, when the angle is 66°, M = 60, T = 94-2, and therefore 

Vm» + T* = 107 foot tons nearly, 
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and 

M + Vm» + T» = 157 foot tone. 

■The dotted curves (in Figs. 35—38) give the magnitudes of 

Vm' + t», 
and the full curves the magnitiides of 

M+ Vm» + t* 
for a complete revolution of the different cranks. 

§ 24. These curves well repay study. Since the four pins have all the same 
dimensions, the ordinate^ to these curves are proportional to the intensities of stress 
induced. As we proceed aft, the more uniform do the curves become, that is to say, the 
less the variation of the stress induced as the crank shaft rotates. But the mazununi 
direct stress increases by no means progressively as we proceed aft. In point of fact, the 
H.P. pin is the most severely stressed pin, then the A.L.P. pin, and, following closely, 
the M.P. pin. In noticing these results, we must not forget that the four cylinders 
were not designed for equal power, but that each of the two outer cylinders develops 
only about half the horse-power of either of the other two. Since, therefore, the 
distances between the journals of the different cylinders are not very different, the 
bending moments on the H.P. and M.P. pins are greater than on the L.P. pins, so 
that although the twisting moment on the H.P. pin is less than on the A.L.P. pin, 
yet the equivalent twisting moment on the former is greater than on the latter. In 
any case, this result can only be taken to apply to the type of engine considered, in 
which the two outer cylinders develop much less power than the two inner ones. 

§ 25. The principal results are given in Table IV. The maximum values, with the 
corresponding crank positions, of 

M, T, VM*+T», and M + VSmTt"' 

are given in Nos. 1 to 8. The £rst, as already pointed out, takes place when the 
piston pressure is a maximum, but the maximum value of T by no means need be 
simultaneous with the maximum value of M. The position for which T is a maximum 
not only depends on the cylinder considered, but upon the combined twisting 
moments of the previous cylinders. - It will be noticed that the positions of the crank 
for which 

M+ Vm' + t* 

is a maximum are practically, in all the four cylinders, the same as when M ia a 
maximum. In order to make further comparison, that position of the crank has 
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the statement in § 8, that the equivalent twisting moment may be taken to be a 
maximnm in that position for which the effective pistoa pressure is a maximum. The 
values of the maximum equivalent twisting moment on the different pins {Nos. 7 and 
9) as we proceed aft, ought to be noticed. 

MOUBNTS OK THE AbMS. 

(1) Twisting Moments. 
§ 26. Having considered the shaft and the pins, the next thing is to consider the 
arms. For any cylinder, the after arm is the one which is usually the more severely 
strained, so that this is the arm to which the following results apply. The arm is 
subjected to both twisting and bending, and, since it is not of circular section, we must 
consider the bending moment in the longitudinal plane of the arms and shaft, and in 
the plane perpendicular to this longitudinal plane, separately. The method of 
determining the different straining actions has been already described. The twisting 
moment on the after arm — still assuming that the bending moments at the different 
journals are zero — is (Fig. 4, Plate XI.) Q, . C G — Q . F B, which is equal to Qj . G H, 
and, therefore, to 

Q AC.GH 

^' CH ' 
in which Q is the component of the force in the rod, resolved perpendicularly to the 
crank radius, and is consequently proportional to the twisting moment of the cylinder 
considered. Thus, in the H.P. cylinder (see Fig. 15, Plate XII.; — 

AC = 3-33ft. GH = l-70ft., OH = 6-55ft., 
and, therefore, the twisting moment on the after arm is Q x 'SeS. Since the crank radius 
is 2 feet, the twisting moment is equal 2 Q, and, therefore, the twisting moment on the 
after arm is equal to the twisting moment due to the H.P. cylinder x '432. Thus, for 
example, when the crank has turned through 66° from the bottom dead centre (corre- 
sponding to one-quarter of the up-stroke), the turning moment of the H.P. cylinder is 
49'4 foot tons, and, therefore, the twisting moment on the after arm is 21-3 foot tons. 
Thus, by proceeding in this manner, we can plot a curve of twisting moments on a 
crank angle base for the after arm of each cylinder. They are shown by the dotted 
curves in Figs. 39 to 42 (Plate XIV.). The convention as regards sign is that 
explained in § 6, and the angle in all cases is the angle turned through by the crank 
oousidered, from its bottom dead centre. 

(2) Bending Moments in Plane of the Arms. 
§ 27. Next, the bending moment on the after arm, in the longitudinal plane of the 
arm and shaft, is the same at every section, and is equal to (Fig. 2, Plate XL) — 
Ri.OG-R.AG, i.e., toE,.HG or R.A^:^^, 
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where R is the component of the force in the rod resolved along the crank radius. 
This bending moment is the same multiple of R that the twisting moment on the arm 
is of Q, and, therefore, for the high-pressure cylinder, is equal to -865 R. Thus, when 
the H.P. piston has moved through one-quarter of the up-stroke, the effective force on 
the piston is 29*6 tons, and, therefore, the force transmitted through the rod is 30'6 
tons. In this position the component R along the radius is 17*9 tons, and the bending 
moment in this position is consequently 17'9 x '865 = 15'5 foot tons. By proceed- 
ing in this way, we can draw a curve of bending moments on the after arm, in the 
longitudinal plane of the arm and shaft, for each cylinder. They are shown in "Pigs. 
39 to 42 (Plate XIV.) by the chain-dot curves. 

(3) Bending Moments Perpendicular to Plajie of Arms. 

§ 28. The bending moment on the after arm in the plane perpendicular to the 
longitudinal plane of the arm and shaft has been discussed in § 6. It varies uniformly 
from the magnitude of the twisting moment on the crank pin, at the crank pin end, to 
the magnitude of the twisting moment on the crank shaft at the crank shaft end. 
Thus the bending moment at each end of the arm can be readily obtained from our 
previous curves. Usually the maximum bending moment takes place at the crank shaft 
end. The determination of the bending stress at this section is, however, a difficult 
matter, owing to the connection of the arm with the shaft. For this reason the 
bending moment on the arm midway between the pin and shaft is the one that has 
been considered, because, at this mid-section, the section is given by the dimensions of 
the arm. It is clearly equal to the arithmetical mean of the bending moments at the 





TABLE 


V. 








MOMESTS 


ON After Arm, 


m Foot Tons. 






Cylinder. 


F.L.P. 




H.P. j 


M.P. 
Cl-0 


A.L.P. 
39-0 


MazimTiiu twisting moment 


HH) 




60-0 i 


Maximum bending moment in 
plane of crankB 


420 




52-0 1 


.58-0 


■15-0 


Maximnm bending moment per- 
pendicular to plane of cranka . . . 


OC-0 


UO-0 


2;;2-0 


225-0 



two ends of the arm. Thus, for example, in the after arm of the H.P. cylinder, when the 
crank arm has turned through 66' from the bottom dead centre, the twisting moment 
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on the crank pin (from Fig. 32, Plate XIII.) is 94*2 foot tons, and on the after journal 
(from Pig. 24) 119*4 foot tons (i.e. equal to 70"0 + 49*4), so that the bending moment 
on the after arm in the plane perpendicular to the longitudinal plane of the arm and 
shaft, at the section midway between the pin and shaft, is 106*8 foot tons. By 
proceeding in this way, the full lined curves in Pigs. 39 to 42 (Plate XIV.) have been 
drawn. The ordinates to them give the bending moments on the mid-section of the 
after arm, for the different cyhnders in different positions of the crank. The principal 
results are given in Table V. 

Longitudinal Cubve of Moments foe Shaft (Nbglectino Effect of Conhnuiti). 

§ 29. Thus, neglecting the effect of continuity of the shaft, the preceding curves 
give us the straining actions at any particular section daring one complete revolution 
of the shaft. It is interesting to see how the straining actions for some particular 
position of the crank shaft vary from section to section as we proceed from forward to 
aft. A " longitudinal " curve of moments for the crank shaft and pins is given in Pig. 43 
(Plate XrV.). The position of the shaft taken corresponds to the position of the H.P. 
crank arm for which the equivalent twisting moment on the H.P. pin was a maximum, 
that is, when the H.P. crank has turned through an angle of 290° from its bottom dead 
centre. An end view, looking from aft in a forward direction, is shown in Fig. 44. 
On a longitudinal axis as base, ordinates have been erected at every section giving the 
values of the direct bending moment (M), direct twisting moment (T), values of — 

VWTW and of M + VM' + T"; 
and the results obtained are shown in Pig. 43. The curve of M is shown by the faint 
dotted line. It is readily plotted, because we have already got the bending moment at 
the centre section of the crank pin and the diagram between any two journals is a 
triangle. Thus for the H.P. crank, the angle is 290°, and the bending moment on the pin 
is, from Pig. 28 (Plate XIIl.), 129 foot tons ; for the M.P., the angle is 36° and the 
bending moment on the pin, from Fig. 29, is 66 foot tons. The central part of the 
shaft is not subjected to bending. The curve of T is shown by the stepped chain-dot 
line, and, again, is at once plotted from our previous curves. Thus, the twisting 
moment on the H.P. pin, for an angle of 290°, is, from Fig. 32, 136 foot tons ; the 
twisting moment on the aft journal of the H.P. cylinder is, from Fig. 24 (remembering 
the F.L.P. crank is at an angle of 125° from its bottom dead centre), 199 foot tons, and 
so on. Having obtained these curves, the curves of — 

VW + T» and M + Vw + T* 
are immediately deduced from them, and are represented, by the thick dotted and full 
lined curves respectively. The maximum height of the curve of — 
M + v'm» + 'P 
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IB at tha H.F. pin, and is eqnal to 316 foot tons as before. In the position of the shaft 
taken, it will be noticed that the twisting moment on the shaft is a maximum at the 
after journal of the M.P. cyHnder, the reason being that the A.L.P. crank has just 
passed its top dead centre, and, as already pointed out in § 19, is being driven by. 
instead of driving, the crank shaft. 

Effect op Contihdity of the Shaft, 
§ 30. The only remaining thing to consider, so far as the straining actions are 
concerned, is the effect of continuity of the shaft. The method of procedure has already 
been given in §§ 11, 12, 13. In order to obtain numerical data for comparison with the 
preceding results, it wiU be sufGcient to consider fully the effect of continuity in one or 
two positions of the crank shaft. The first position chosen is that for which, neglecting 
the effect of continuity, the equivalent twisting moment on the H.F. pin is a maximum, 
viz., when the H.P. crank has turned through an angle of 290° from its bottom dead 
centre. Figs. 43 and 44 (Plate XIV.) refer to this position of the shaft, whilst Fig. 11 
(Plate XI.) represents an isometric projection of it. Following the general method 
previously given, we must first resolve the force acting along each rod into two com- 
ponents parallel to two perpendicular planes, and then apply the equation of three 
moments, given in §11, to these two separate sets of forces. The planes chosen 
are the longitudinal plane of the engine (in this case a vertical plane) and the plane 
through the axis of the shaft perpendicular to it. Following the convention :n § 13, 
forces acting downwards, in the longitudinal plane, are reckoned positive, and npwards, 
negative. In the perpendicular plane, the positive forces, looked at &om the after 
end, act from right to left. The forces (V) in the longitudinal plane are simply the 
effective piston forces, whilst the forces (W) perpendicular to the plane are the guide 
reactions. The forces acting are given in Table VI. 





TABLE VI. 






Cylinder. 


F.L.P. 


H.P. 


M.P. 


A.L.P. 


Aogle of cronk with bottom centre 


125° 


290° 


36" 


194° 


Force in longitudinal plane, i.e., 


-mi (V,) 


+ 76-0 (T,) 


-33-5 (T,) 


-15-5 (T.) 


Force perpendicalar to longitudinal 
plane, i>., guide reaction 


- 8-5 (W,) 


-18-0 (W,) 


- 5-0 (W,) 


+ 1-0 (W.) 



The dimensions of the shaft are given in Fig. 16 (Plate XII.), so that if the five spans 
be denoted by suffixes 1, 2, 3, 4, 6, we have — referring to the symbols used in § 11 — 
!, - 5-94 1 (, = 6-55 ■, I, - 7-9 ; I, - 6-55 ; (, - 5-94 ; 
i, .= -495;*, = -51; k, = -0; f , = 49; t, =.-505. 
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Considering, therefore, the V forces, the equation of three moments (Equation (2), 
§ 11) for the spans (1) and (-2) gives — 

5-94 M^ + 24-98 M, + 6-55 M, = 13-17 Vj + 15-93 V, ; 
for the spans (2) and (3) — 

6-55 Ml + 28-9 M, + 7-9 M^ = 16-16 Vj ; 
for the spans (3) and (4) — 

7-9 M, + 28-9 Mi + 6-55 M, = 16-16 V^ ; 
and for the spans (4) and (5) — 

6-55 M^ + 24-98 M. + 5-94 M^ = 15-93 V4 + 13-17 V^. 
In addition we assume that — 

M. = and M^ = 0, 
and so, for the shaft considered, get the equations — 
M. = 0, 

M^ = -5623 Vt + -5122 Vj + -0366 V, - -01056 V^, 
M, = - -1388 V, + -48 Vj - -1397 V, + -0404 Vo, 
M^ = -Ott4 Vi - -1397 V, + -48 V« - -1388 V5, 
M. = - -01056 Vi + -0366 V, + -5122 V4 + -5623 Vc, 
M^ = 0. 

These equations apply equally to our second plane of reference, provided that for 
V we substitute W. 

Considering the V forces, we at once get by substitution in these equations — 

M, = 0. M»=+15-8, M,= +46-0, Mj = - 261, M. = - 19-0, M^^O, 

which give us the bending moments at the journals in the longitudinal plaue. The 

shearing force is then obtained from equation (3) in § 11, care being taken regarding 

the sign. Thus, for example, our five equations will be — 

+ 15-80 = + F„ X 5-94 - 39-4 x 3-0 

+ 46-00 = + 15-8 + F, X 6-55 + 76 x 3-22 

- 26-1 = + 46-0 + F X 7-9 

- 190 = - 26-1 + i!,, X 6-55 - 335 x 3-33 

= - 19-0 + F, x 5-94 - 15-5 x 2-94, 
whence 

F, = + 22-6, F, = - 32-8, F, = - 9-15, F, = + 18-1, F, = + 10-9, F^ = 0. 

These are the shearing forces immediately to the right of the different journals.* By 



• The reactions at the journals are + 22-G, - 10-0, - 52-35, + 27-25, + 26-28 and + 4-C2 respectively. 
In Fig. 11 (Plate SI.). tl»e crank pin forces and reactions huve been drawn in the proper direction, as 
ahoTVQ by the arrows. 
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proceeding in the same way, we get, in the plane perpendicular to the longitudinal 
plane, the results — 

M. = 0, U„= - U-2, M, = - 672, M^ = - -37, M, = - 2-57, M^ = 0. 
P. = + 1-9, F. = + 100, F, = + -8, F4 = + 2-2, F, = - 06, F, = 0.» 

The second system of forces is, of course, of very much less importance than the first 
system. We are now in a position to draw longitudinal curves of bending moments for 
the shaft and pins in the two planes of reference. Neglecting the effect of continuity, 
the curve of bending moments in the longitudinal plane of the cylinders would he 
represented by the chain-dotted line in Fig. 45 (Plate XJV.). Thus, for example, the 
height of the triangle for the H.P. cylinder is merely 

76-0 X 3-33 X 3-22 _ ,^.0 
6-55 -i^". 

and, according to the convention as regards signs, must be reckoned negative. The 
effect of continuity is taken into account by erecting ordinates at the different journals 
equai to the bending moments as just calculated, and so obtaining the dotted lines in 
Fig. 45. The bending moment when continuity is considered is then obtained by taking 
the algebraic sum of the ordinates to those two curves, and so obtaining the full 
lined curve. The bending moment carve in the second plane must be obtained in the 
same manner. It is shown in Fig. 46, in which, as in Fig. 45, the chain-dotted line 
refers to the bending moment neglecting continuity, the dotted line curve to the bending 
moment curve due to continuity, and the full line curve the net bending moment when 
continuity is considered. To get the resultant bending moment (M) at any section, 
we must take corresponding ordinates to the full lined curves in Figs. 45 and 46, square 
them, add them together, and take the square root. If we do this, we get as our curve 
of resultant bending moments the faint dotted curve in Fig. 47. Thus, for example, 
at the H.P. pin, the bending moment in the longitudinal plane is 93 foot tons and 
perpendicular to it 19 foot tons, so that the resultant bending moment is 

V93* + 19* = 95-0 foot tons. 

§ 31. Next consider the twisting moments. The twisting moments on the different 
parts of the shaft are, of coarse, the same whether we consider the shaft to be continuous 
or not, and therefore are already known. The twisting moment on any pin has been 
shown to be (§ 13) equal to the twisting moment transmitted from the cyhnders 
forward of that pin, together with the moment of the shearing forces, in the two 
reference planes, about the crank pin considered, the shearing forces being taken imme- 
diately aft of the forward journal of the cylinder considered. Thus, for example, for the 

• The reactionB at tho joumalB are + 1-9, + 16-6, + 8-8, + 1-4, + 2-71 and - -94 respectively. 
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F.L.F. pin, the shearing forces in and perpendicolar to the longitudinal plane are + 22'6 
and + 1'9, and, therefore, referring to Fig. 44, the moment of these shearing forces 
(reckoned clockwise) is 22-6 x 1"63 + 1-9 x 1*14 = + 39*0. Since there is no twisting 
moment transmitted forward of the F.L.F. cylinder, this represents the total twisting 
moment on the F.L.P. pin. Or again, the shearing forces aft of the forward journal of 
the H.P. cylinder are - 32-8 and + 10-0, so that the clockwise twist on the H.P. pin is 
32-8 X 1-86 - 10-0 X -7 = 54-0. The twist from the F.L.P. cylinder m this position 
is 72-0, so that the total twist in the H.P. pin is 126-0 foot tons. In the same way, the 
twisting moment on the M.P. pin due to the shearing forces is 18"2, and on the A.L.P. 
pin — 6-6, whilst the total twist on the M.P. pin is 218'0, and on the A.L.P. pin is 
224"0 foot tons. The curve of twisting moment T, on the axis of the shaft as base, is 



MOMBNTB IN S'OOT TOKS ON JOURNALS AND PlNS WHBN THB F.L.P. Chask HAS TUBNED 
THROUGH 125° FROM THE BOTTOM DEAD CENTRE. 





The dilTerant aectioiui of the Shaft 
ooDsideted ax separate beams 




M 


T 






M 


■r 






^M>+1' 


M+ VM> + T> 


l/M' + T' 


M + I'M' + T' 


Journal 


























F.L.P. Kn 


58 


37-7 


70-9 


131 


66-7 


39 


77-4 


144 


Journal 





72 


72 


72 


21-2 


72 


75 


96 


H.P. Pin 


129 


136 


187 


316 


95-3 


126 


158 


253 


Journal 





199 


199 


199 


46-6 


199 


205 


252 


Journal 





199. 


199 


199 


26-1 


199 


202 


223 


M.P. Bn 


55 


216 


223 


278 


31 


218 


219 


250 


Journal 





230 


230 


230 


19-2 


230 


231 


250 


A.L.P. Pin ... 


22-C 


325 


226 


249 


11-8 


224 


225 


237 


Journal ... 





2.0 


220 


220 





220 


220 


220 



shown by the chain-dot line in Fig. 47 (Plate XIV.). Having thus got the curves of 
M and T, we can plot the curves of — 

VSsr+r* and M + Vm» + T», ■ 
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125 



as we did in Fig. 43. The curve of 



Vm' + T* 



is represented by the thick dotted line, and that of 
M + Vm»Tt^ 
by the full line. A comparison of Figs. 43 and 47 at once shows, for the crank,position 
considered, the effect of continnity. Cleariy, the effect of continuity is to make the 
moments more uniform along the shaft. The equivalent twisting moment on the H.F. 
pin is reduced &om 316 to 253 (i.e., 20 per cent.), that on the M.F4 pin from 278 to 250 
{i.e., 10 per cent.), and on the A.L.P^ pin from 249-0 to 237 (i.e., 5 per cent.)^ That on 
the F.L.F. pin is increased from 131*0 to 144 {i.e., 10 per cent.). Thus the maximum 
reduction, viz., that on the H.P. pin, is a matter of 20 per cent. The equivalent 
twisting moment on all the journals is, of course, increased. That on the after journal of 
the H.P. cylinder is increased from 199 to 252, an increase of 25 per cent. This 

TABLE VIIL 

MOHBHTB IN Foot Tons when F.L.P. Crake has turned through ^3(f from its 

Bottom Centre. 





The diflerent uiotioiis of the Shaft 


The Shaft ooDBideied ib a continaonB beun. 


M 


T 


VM'+T' 




M 


T 


t/M=+T" 


M+ V' M'+T' 


M+v-M'+T 


Jotmutl 


























F.L.P. Kn 


74-5 


19 


77 


151 


72-3 


21-6 


75-4 


148 


Journal 





38-6 


38-6 


38-6 


9-1 


38-6 


39-7 


49 


H.P. Pin 


87-3 


81-7 


119 


207, 


68-3 


74-2 


101 


169 


Journal 





126 


126 


126 


39-2 


126 


132 


172 


Journal 





126 


126 


126 


33-5 


126 


131 


164 


M.P. Pin 


87 


174 


194 


281 


54 


178 


186 


240 


Journal 





224 


224 


224 


22-5 


224 


225 


247 


A.L.P. Pin ... 


6 


225 


225 


231 


15-7 


219 


220 


236 


Journal 





226 


226 


226 





226 


226 


226 



moment is practically the same as on the H.F. and M.F. pins, and on the after journal 
of the M.F. cylinder. The principal results are expressed in Table VII. 
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§ 32. The effect of continuity in a second position has also been worked out, viz., 
tbat position of the ciank shaft for which the combined turning moment of the four 
cylinders is a maximum. That happens when the F.L.P. crank has turned through an 
angle of 330° from its bottom dead centre. The crank shaft, therefore, has completed 
rather more than half a turn from our previous position. The principal results are 
given in Table VIII. on the preceding page. For this position, the equivalent twisting 
moments on the F.L.P. and A.L.P. pins are little altered, but that on the H.P. pin is 
reduced from 207 to 169 {i.e., 18 per cent.), and on the M.P. pin from 281 to 340 (».«., 
16 per cent.). The equiralent twisting moments on the H.P. after journal and the M.P. 
forward journal are each increased about 36 per cent. 

The bending and twisting moments on the crank arms need not be discussed, for 
the reason which is given in § 38. 



Straining Mombnts in Foot Tons on thb Assumption that the Shaft is Effectually 
conbtbainbd in dlubction at bach journal. 





Position of Crank Shaft corresponding to 
Table VII. 


Position of Ctank Shaft correaponding to 
Table VIU. 


M ! T 






M 


T 


VM- + T' 


M+ v^M»+T» 


VM' + V 


M+ »/M'+T' 


Jotinuil ... 


29-0 





29-0 


29-0 


37-2 





37-2 


37-2 


r.L.P. Pin 


29-0 


37-7 


47-i; 


73-6 


37-2 


190 


41-8 


79-0 


Jonrnal ... 


1 29-0 1 
1 64-5 1 


72- 


j 78-0 1 
i 97-0} 


(162- i 


j 37-2 1 
1 43-6 i 


38-6 


{Sil 


[Z- } 


H.P. Pin . 


64-5 


136- 


151- 


215- 


43-6 


81-7 


92-6 


136- 


Journal... 


64-5 


199- 


209- 


274- 


43-6 


126- 


133- 


177- 


Journal ... 


27-5 


199- 


201- 


229- 


43-5 


126 


133- 


177- 


M.P. Pin . 


27-5 


216- 


218- 


245- 


43-5 


174- 


180- 


224- 


Jonmal ... 


( 27-5 1 
i 11-6 1 


230- 


1 232- 1 
1231- t 


J 260- 1 
(243- ) 


1 43-5 1 
i 3«t 


224- 


1228- j 
(224- j 


)272- 1 
(227- i 


A.L.P. Pin 


11-6 ! 225- 


226- 


238- 


30 


225- 


225- 


228- 


Journal... 


11-6 1 220- 


221- 


233- 


3-0 


226- 


229- 


229- 
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estimate, when the effect of continuity is considered, even for the journal. For the 
crank pin, it is very much less. It would appear, therefore, to be undesirable to take 
the length of the span as being the distance between the inner ends of the bearings, 
because we might then under-estimate the true value. If we take the span from centre 
to centre of the journals, a comparison of Table IX. with Tables VII. and VIII. shows 
that, so far as the journals are concerned, the results in Table IX. agree fairly well 
with those in Tables YII. and VIII., when the continuity of the shaft is considered, 
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being, in all cases, somewhat in excess of the results given in Tables VII. and VIII. 
The equivalent twisting moments on the pins as given in Table IX. are, in all cases, 
less than the equivalent twisting moments as given in Tables VII. and VIII. when 
the effect of continuity is considered. 



Working Assumptions. 

§ 35. It would therefore appear desirable, in estimating the straining actions on the 
pins, to assume that the shaft is not constrained in any manner at the joiunals, so that, 
for the pins, the equivalent twisting moments are given in Figs. 35 to 38 (Plate XIIL). 
Also, in estimating the straining actions on the journals, it is desirable to assume that the 
bearings effectually constrain the journals— the span being taken from centre to centre 
of adjacent journals. In that case, the curve of direct bending moment on each of the 
two journals corresponding to any pin is exactly similar to the curve of bending 
moments given in Figs. 27 to 30 (Plate XIII.), but (very approximately) is only half 
the height of these curves. The twisting moment on any journal is the same as 
before, and is, therefore, given by Figs. 24, 25, 26. 

Thus we can at once get the values of — 



VM' + T» and M+ VW+T' 

on this basis for each journal. Thus, for example, taking the forward journal of the H.P. 
cylinder, when the H.P. crank has turned through, say, 66° from the bottom dead 
centre, the bending moment on the F.L.P. pin is (from Fig. 27) since the F.L.P. 
crank has turned through 261° from the bottom dead centre, 65'0, and on the H.P. pin 
(from Fig. 28) 50*0, on the assumption that the bearings exercise no constraint ; whilst 
the twisting moment transmitted from the F.L.P. cylinder is {from Fig. 24) 70 foot tons. 
On the assumption that the bearings effectually constrain the shaft, the bending 
moment on the journal considered as the F.L.P. aft journal will be 27*5, and, 
considered as the H.P. forward journal, will be 25*0. Thus the two values of 

VM» + '!•» 
will be 75-3 and 74-4, and of 



will be 102-8 and 99*4, according as we consider the bending moment on the journal 
^as being due to the F.L.P. or H.P. cranks respectively. 

In this way we can draw curves giving the values of 

M + VtA* + T» 
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on the different journals on the assumption that the journals are effectually constrained 
by the bearings. They are shown in Figs. 48 to 51 (Plate XV.), which ought to be 
compared with Figs. 24, 25, 26 (Plate XIII.), which give the corresponding quantities 
on the assumption that the bearings exercise no constraint on the journals. The faint 
carve in Fig. 61 refers to the F.L.P. forward journal. The faint curve in Fig. 48 refers 
to the aft journal of the F.L.P. cylinder ; that is to say, when the bending moment 
on that journal is taken to be due to the force on the F.L.P. crank ; the fuU curve is 
the curve of equivalent twisting moment on the same journal when the bending 
moment is taken to be due to the force on the H.P. crank. Thus, for an angle of 
261°, the ordinates to these two curves are 102-8 and 994 respectively. Similarly for 
Figs. 49 and 50, that curve is thickened which gives the maximum value of 

M + Vm» + T* 

The thick curve of Fig. 51 represents the value of 

M + VW+ T» 

for the after joiunal of the A.L.P. cylinder. From these curves we obtain Table X., 
which gives the maximum moment on the different journals. For comparison the 
maximimi values are also given as obtained &om Figs. 24, 25, 26. 



TABLE X. 
Maximum Values op the Sthainikg Mombnts in Foot Toks os the Differbnt Jourmals. 
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87-6 87-6 1 202 


202 230 230 


226 


39-5 
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The most severely strained journal is therefore the aft journal of the H.P. 
cylinder. The second assumption gives a maximum equivalent twist of 274 foot tons 
as against 202 on the first assumption — an increase of about 36 per cent. 
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Maximum Stbesses indcced in the Different Pabts of the Cbank Shaft. 
§ 36. It will be interesting to collect the maximum moments on the different journals, 
pins and arms, and, knowing the dimensions of the different parts, to estimate the 
intensities of stress set up on the assumption that these moments are gradually appUed. 
The values of the maximum straining actions on the different journals, pins, and arms 
are given in the preceding tables, and are reproduced in Tables XI. and XII. 

The ratio of the maximum equivalent twisting moment on the different journals 
and pins to that of the mean twisting moment on the propeller shaft ought to be 
particularly noticed. That ratio is a maximum for the H.P. pin, and is then 1*63. 

The shaft and the pins are hollow, the internal and external diameters of the 
shaft (journals) being 10 and 19 inches respectively, and of the pins 12 and 21 inches 
(see Fig. 12). The intensity of stress /, due to a twisting moment T, is given by the 
formula — 

f_rr }^^i._ 

where d-i and dj are the external and internal diameters respectively. If T be in foot 
tons, fii and (£3 must be expressed in feet, and then / will be in tons per square foot. 
Thus, substituting, we find that for the journals 



or — 

and for the pins— 



StreBB in tons per sqoare foot = 1-39 T, 
Stress in tons per square inch = -00965 T ; 
Stress in tons per square foot = 1'07 T, 
Stress in tons per sqnare inch = -00742 T. 



When dealing with bending moments, these co-efficients must be doubled. Thus, in 
all our previous curves, we can merely scale off the value of T or M in foot tons, and 
multiply the reading so obtained by the proper co-efficient, in order to get the intensity 
of stress induced. The maximum stresses induced in the journals are given in Table X. 
It will thus be seen that, assuming the loads to be applied gradually,* the maximum 
stress on the journals is practically Q'i tons per square inch, and on the pins 2^ tons per 
square inch. When the effect of continuity of the shaft is considered, the stress on the 
pins and journals would be found to be generally less than these quantities, and the 
two cases worked out in §§ 30, 31, 32, give us an idea of the magnitude of the decrease. 

'" In this connection it mnst be remembered ttiat, if a load be saddeni; applied to an onstreased 
stmctare, the stress indaced is double that which woald be induced if the load -were applied gradnally. 
If a load on a stroctnre be suddenly reversed in direction, the stress induced is trebled. 
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The tunnel shaft is 10 inches internal and 17J inches external diameter, so that, 
assuming it to-be subjected only to twisting, the maximum stress in it is 2'89 tons per 
square inch. 



Maximum Steaining Mombkts, in Foot Tons, and the Cohresponding Stresses Inddckd 
IN Tons per Square Inch. 
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§ 37. Next, consider the arms. The section is a rectangle of dimensions 1 ft. by 
1-96 ft. In estimating the stress due to the bending moment in the longitudinal plane 
of the arms, the shorter side must be taken as the "depth" of the section; whilst 
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for the bending moment perpendicular to the plane of the arms, we must take the longer 
side as the depth of the section. Thus, for these two moments, the stress induced, in 
tons per square foot, will be given by the formula — 
._ 6M 
-^ ~ lid^' 
and will therefore be 306 M and -166 M; or, in tons per square inch, -00213 M and 
•00109 M respectively, M being in foot tons. 

The stress due to the twisting moment cannot be obtained from the ordinary 
formula for circular shafts, because the section is a rectangle. The maximum shearing 
stress takes place at the centre of the larger side, and the relation between that 
maximum stress / and the twisting moment T is, according to St. Venant, given by 
the formula — 

■' s*P ' 

in which s and I are the shorter and longer sides of the rectangle respectively. By 
substitution, we find that— 

/ in tone per square foot =T in foot tons x 2'0, 
or — 

Stress in tons per sqnare inch = "0119 T. 

Applying these formulae, we thus obtain the results given in Table XII. 



TABLE XII. 
Maximum Straining Moments, in Foot Tons, and STREssEa induced, in Tons per Square 
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§ 38. Thus the stress due to the twistmg moiueut is of much greater magnitude 
than that due to bending. Moreover, these values do not take place simultaneously 
(see Figs. 39 to 42, Plate XIV.). The stresses due to bending are so small as to be 
negligible, and it is on account of the smallness of these stresses that the straining 
actions on the arms, when the effect of the continuity of the shaft is considered, have 
not been discussed. The effect of continuity would be to reduce the stresses. 

The stresses due to the shearing force at the different sections will be small 
relatively to the stresses due to the moments, and need not, therefore, be discussed. 



DISCUSSION. 

Mr. Macfarlane Gray (Member of Council) : Mr. Chainiian luid Gentlemen, I have not had an 
ojiixw-tuiiity of reading the paper through. What I have read, however, shows me that Professor 
Dunkei-ley has done very good service, especially to the younger memljers of this Institution, by pre- 
paring this paper so carefully. The methods of Professor Duukerley, and also of Professor Dalby, ai« 
not exactly on the lines I generally adopt. I go in more for diagrammatic solutions. The theorem of 
three moments is, I think, clearer, especially in regai-dto the practical unreliability of its possible cases, 
when so treated. I think, however, that the paper b an admix-abie one, from the author's point of view, 
and well adapted for those who are studying this problem. It is an advantage through life to have 
been well grounded in any subject at some time or other. The thoroughness tells in dealing with other 
questions than those immediately referred to. I wish my words to be taken only as praise for the pajjei-. 

Pix>fe3sor T. A. Hearson (Member) : Mr. Chairman and Gentlemen, I i-egret that I have not had 
an op]X)rtimity of reading this paper before coming here this evening. You can understand that it 
is, therefore, somewhat difficult for me to make any remarks in the way of criticism under such 
circumstances. I join with Mr. Macfarlane Graj' in expressing my pleasure in hearing the paper, and 
IKirticuIarly with reference to the lucid way in which Professor Dunkerley has submitted it to us, 
without our having to go through the paper in oil ita printed detail. The subject is an exceedingly 
interesting example of the problem of crank shaft strains, and it will be veiy useful for the students of 
the Institution and others, as indicating a method to be followed. With respect to Mr, Macfarlane 
Gray's remark as to the way in which the results are worked out, i-eferring particularly to the equation 
ot three moments, I think that if one could find some way of getting the i-esults other than by that 
method, we should be very glad to know of it. The supposition in which the shaft is free to incline at 
tlie bearings, and is not constrained by connection to adjacent lengtlis, will lend itself to the draughts- 
man's method; but when you have the constrained condition of a continiious shaft in many bearings, 
■ in which you have to take account of the elasticity, I do not see how to get at results except by 
the well-known method of the problem of three moments. The theory of the three momenta may 
!» extended to the case in which the bearings are put out of line by deformation in the vessel, and 
I am afraid that that is a condition to which the shafta are subjected when in actual work. When 
we see, as the result of this calculation, that the greatest stress on the material of the shaft is less 
than three tons on the square inch, and when we know that such shafts as these do bi-eak, we see 
that the suppositions on which the results have I^een worked out are not the worst to occur in practical 



y Google 



134 TEE STBAINING ACTIONS ON THE DIFFERENT PARTS OF A CRANK SHAFT, 

circuniatances. These latter are probably not capable of being dealt nitli by theoretical considerations. 
They arise when the vessel becomes strained, when the bearings are put out of hue, and extra fltrains 
are brought into consideration. There is one point inore : Professor Dunkerley has i>ointed out that 
the maximimi equivalent twisting moment is greater forward than it is at the place wliere one generally 
expects it, and where one has generally found it to be the greatest. I think that.niust be due to rather 
special circumstances. If you look at the diagram of simple trending moment due to the local pressure 
on the piston between the two supporting bearings, indei)endently of the action on other parts of the 
shaft, you will see that, for the after low-pressure engine, the magnitude is verj- much less than it ia 
for the fonvard low-pressure. I think that must be due to some special local circumstances, that is, 
the steam does not get into the two cylinders in corresponding quantities, so as to produce equal bending 
moments. It is fortunate that it is so, because it produces relief at the place where it is advantageous 
that relief should be provided. But I think tlmt must Ije more or less incidental to the particular 
example, and not generally the case. I think that, in general, the maximum equivalent twisting 
pioinent is greater towards the after end of the shaft, and not at the place where a high-pressure 
cylinder is situated. 

Mr. A. R. Emdin, Chief Engineer, B..N. (Visitor): Mr. Chainnan and (ientlemen, having been 
asked t« take part in this discussion, it might be of interest if, in the first place, I explained, in 
some way, how the paper came to be written. It happened that, in the position I now hold, I had to 
propose certain dimensions for the machinery speciifications for the Admiralty ; and, in searching 
tor some way to reduce the weight of this machmery, it was suggested that the dimensions of the 
forward crank-pins and crank-shafting might be appreciably reduced from those of the correspouduig 
after parts. In order to make sure that this could be done, a more or less tentative investigation 
was made into those stresses on the crank-shaft which Professor Dunkerley has explained so 
thoroughly this evening. The result was practically the same as that which he lias just now i>oiiited 
out at some length; namely, that the forward parts of the crank-shaft were stressed as much, if not 
more, than the after parts; and the HP. crank-pin had the greatest stress. This result was quite 
different to what I expected from my previous ideas on this subject ; and, as it is also part- of 
my present duties to lectm-e on Marine Engine Design to the engineers at the Royal \aval College, 
I wanted to make quite sure of this point before preparing my notes for the lectures on the subject 
of crank-shafts. Accordingly, I consulted my friend, Profes.sor Dunkerley, in order that what we 
told the same people at different times might agree as far as iKjssible. I think that the 
results I had obtained somewhat surprised him also ; and be then undertook to investigate the 
matt«r at greater length. The result of his investigations you ha\*e had placed Ijefore you this evening, 
and I am sure you will agree that it is a most lucid and convincing exposition of the question. 
My calculations were made on the assumption that the bearings exercised no restraint on the crank- 
shaft — that is, each portion of the crank-shaft was considered as mdependent of the others. I also 
assumed that only the direct load on the piston was producing the bending moments on the crank- 
pin ; and, after the first discussion with Professor Dunkeriej-, I worked out some other cases of crank- 
shafts of engines of a similar character to that described in the paper. In each case, 1 found results 
which in every way confinn those of Professor Dunkerley ; that is to say, the sti-ess on the H.P. crank- 
pin was larger than that on any other crank-pin, and although my estimates were not made so 
carefully or so fully as his, the actual ratios of the maximimi stress to the mean sti'ess, in the 
jcases I worked out, also agreed very well. These results I lia\"e tabulated us follows ; but in order 
not to trouble you with all the figures, it may be stated that, in the extreme cases, the ratio ranged 
from IJ to 2i.* 
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Ratio of Maximum Stress to Meas Strbss at Various Parts op a Crask Shaft 
FOR a Four-Cylinder Engine. 
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Professor DuntvErlby : The ratio to the mean twistinp; moment 1 

Mr. E^ttuiN: Yes, the ratio of the maximum to the mean. There ia also another respect in which 
my figures confirmed what the author has shown in his pajwr, viz., that the greatest stress occurred 
when the load on the piston was the greataat ; and as these six cases were selected at random, I think 
I am justified in agreeing with the results given by Professor Dunkerley for the one he has worked out. 
Of course, as has iieen pointed out, it must !» borne in mind that al! these investigations i-efer to the 
particular type of engine in which the low-preasui-e cyUiiders are placed at the extreme end of tlie 
crank-shaft; and each low-pressure cylinder is intended to deveioj) one-lialf the power of the high or 
the intermediate. That reservation Professor Dunkerley also clearly makes in his pajwr, so that the 
results should be regarded as applicable to that case only. Referring to what Professor Hearson said 
just now, when he pointed out that the greatest stress on the shaft was only three tons, and yet these 
shafts break, I should like to take the opportunity to also |totnt out that this discussion refers to 
shafts made for Admiralty requirements, and which lia\'e not Ix^^n known to break. So that, because, 
in this case, the stress is limited to tht'ee tons per square inch, it is not fair to assume that shafts will 
break at this comparatively low stress. I think tliat the i-esults which ha^'e been arrived at by the 
author have justified the Admiralty in not reducing the dimensions of the forward parts of their crank- 
shafts ; and, further, I am sure you will all agree that the paper you have heaid has moi-e than justified 
my consulting Professor Dunkerley, and drawing from him such a lucid and complete investigation 
of a most important matter. 

Mr. T, DoxALDSox (Associate) : Mr. Chairman and (.lentleinen, I ha^e been engaged for about 
a week or ten days in nmning out the sti'esses on a shaft, so that perhaps I have the question more 
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vividly before my mind than people wlio have done it long i^, and I am more in a position to 
appreciate the value of it, and the immense amount of work tliat Professor Dunkerley must have put 
into this paper. I think he ig helping us to crystallise our assumptions, and this is a verj- diflicult 
matter. One must exercise one'a judgment, but at the same time it is always a comfort to know- 
that you have a certain amount of precedent to go on. The shaft I have been dealing with has tour 
cranks. I only got Professor Dunkerley'a paper about two days ago, and I have not investigated 
the forward part of the shaft. The after part I take rather in this way: — Between the two^lienrings 
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III. and IV, (Fig, 1), there would be a slight amount of spring, as indicated in Fig. 2, It seems to 
me that if the loads on the two pistons (M and L) are approximately equal, there will be a point 
of inflection somenhere about A, another at B, and another at C, ao that the case of those crank pins 
is not quite ao bad as if you took it for the full span. I think if you assume it as simply supported 
at bearing V. (Fig. 2), and restrained at bearing IV., you get something like 3*3 WL in the centre 
of the pin, instead of ^-^ but you get ■r'«'WL at' bearing IV. I think (though I have not had 

time to go very carefully into the paper) that we might go rather closer to the wind than 
Professor Dunkerley has done in most cases in taking the full span. For the journals, you would 
have to take the shaft, perhaps, as absolutely restrained. You might, as Mr. Seaton, I think, suggests, 
take the bending moment for the crank-pin aa J^ W L, which is a mean between taking the whole 
span with a bending moment i W L, and taking it with two fixed ends, which would give a 
bending moment | WL. 

Professor S. DuKKEELEY (Associate) : With regard to Mr. Macfarlane Gray's remarks on graphic 
methods, I think that equation (2), § 11, expresses the theorj" of continuous girders in a manner which 
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• Mr. MacEarlane Gray regrets that pret-sure of other matters prevents hie giving the above Bohitioii 
at present. — Ed, 



y Google 



TORSIONAL VIBRATIONS OB"' SHAFTS. 

By Herr L. QtJUBEL, Aesociate. 

[Read at the Spring Meetings of the Fortj--third Seesion of the Institation of Naval Architects, 
March 20. 1902 ; A. F. Yarbow, Esq., Vice-President, in the Chair.] 



The resolution, by the aid of Fourier's Theorem, of periodic into harmonic forces has 
already enabled U8 to solve a number of very important technical problems, such as the 
balancing of marine engines, the researches concerning the way in which the 
tangential forces of the engine can be rendered uniform, the problem of the pitching 
and rolling motion of ships, Ac. 

The paper I have the honour to lay before you to-day will demonstrate again how 
Fourier's Theorem helps us to open up a field which, as yet, has scarcely been 
accessible, namely, the study of the torsional vibrations of shafts. 

Historical. 

So far as I am aware. Dr. Bauer, of Stettin,* was the first to point out that there 
are torsional vibrations in the shafts of marine engines owing to the periodic fluctua- 
tions, both in the tangential forces acting on the cranks and in the propeller resistances. 
Dr. Bauer was led to this conclusion by actually measuring the angular velocities of 
shafts. 

Professor Lorenz, of G6ttingen,t has dealt with the matter mathematically. He 
does not take the propeller resistance into consideration, however, and hence does not 
deal with the actual conditions of the problem. 

To Frahm,! of Hamburg, we owe a very extensive contribution to this problem, 
by experiments conducted with admirable care and great ingenuity. We may look 
forward with particular interest to the detailed account of these investigations. 



• " Jahrbiich der SchiSbaatechniBchen GeBellechaft," Vol. L, 1900. 

t " Dynamik der Kurbelgetriebe." Leipzig, 1901. 

J VerhandltiDgen der Gesellschaft deutacher Natarforscher und Aerzte. Hambui'g, 1901. 
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In your country, I see from Engineering, January, 1902, that Messrs. Julius Fritli 
and E. H. Lamb have, in a paper read before the Manchester Section of the Institution 
of Electrical Engineers, drawn attention to the fact that vibrations may arise 
in the shafts of dynamos : I do not know how far their work has extended. 



System. 

In order to attack the problem, we may imagine the system comprising engine, 
shaft, and propeller to be reduced to the following elements : — 

(1) A mass 7n acting on the crank radius r at the middle of the crank shaft. 

(2) A mass M acting on the crank radius r at the middle of the propeller boss. 

The masses Hi and M have to be such that m ■r and M ;- represent the moments of 
inertia of the rotating masses of the engine and of the propeller respectively. 

(3) The two masses m and M are supposed to be connected by a shaft without mass, 
of uniform diameter and of length L, measured from the middle of the crank shaft to 
the middle of the propeller boss. The shaft being assumed to be without mass, the 
angle of distortion of the shaft will be the same for all points of the shaft. 



Composition of Masses. 

The mass m will be composed of — 

[a) One-third of the mass of the shaft, reduced to the crank radius, and reckoned 
ii-om the centre of mass of the system up to the end of the shaft on the crank side. 

Proof. — Let £ be the angle of toreion of a shaft section, at distance x from the centre of 
(gravity. Since the centre of gravity remains at reet, when the shaft is in natural vibration, i will 
increase proportionately with -r, so that f = C .r. Let nii L be the mass of the shaft, and x» the 
angle measuring the distortion of the shaft at the crank enil due to the mass acceleration of the 
shaft. Then— 

dv = Cimirf,r«Sr£j- 



X„ = C.C<»i«'/'y^. 



Vrfj^ 



M + rti' 

m. .3.:. 
3 
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The Sitmo value would result if we had only one mass >Hj L„ on the shaft's end defined by the 

equations^ 



This Buljstitution is sti-ictly correct, of coarse, only for tht natural Tibrations of the sliaft. The 
= L„ is the distance of the centre of gravity from theaasumed end of the shaft 

(Fig. 1, Plate XVI.) 

(b) The mass of the crank and crank pin reduced to the crank radius. 

(c) The rotating part of the mass of the connecting rod = -''^^' where wi, is the 
mass of the connecting rod, I its length, Cj the distance of the mass centre of the rod 
from the crosehead, «2 the distance hetween the centre of the crosshead pin and the 
centre of the rod. 

(d) A certain part of the reciprocating masses — 

where m^ is the snrn of the masses of crosshead, piston rod, and piston. 
The mass M is composed of — 

(a) One-third of the mass of the shaft reduced to the crank radius and measured 
from the centre of gravity of the system to the propeller end of the shaft. 

(b) The mass of the propeller and the boss, reduced to the crank radius. 

Forces Acting on the System. 
On the system as sketched out, the following forces are acting : — 
(1) On the crank side acting on the crank radius— 

(a) The tangential forces resulting from the steam pressure on the piston, 
(i) The accelerating forces of the reciprocating parts, under the supposition 
of a constant mean angular velocity. 

The tangential force (a) due to the steam pressure is composed of a constant 
mean force and of periodic forces. The mass acceleration components (b) being like- 
wise periodic variables, we have means at hand to equalise the non-uniformity of the 
tangential steam force by the mass acceleration, and this method of restoring 
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uniformity is indeed in general practical use. As Professor Loreuz * has, however, 
asserted that the method could not be recommended, because the balance would be 
disturbed by any alteration of the engine speed, I should like to point out here that 
in marine engines the tangential forces of the steam pressure follow practically the 
same law as the mass accelerations. Both are, with close approximation, proportional 
to the square of the number of revolutions. A change in the speed will, therefore, 
not affect the balance between the two forces. 

(2) On the propeller side acting on the crank radius — 

(o) A constant mean resistance corresponding to a constant angular velocity of 
the propeller. 

(6) Periodically variable forces of resistance corresponding to the variable 
angular velocity of the propeller. 

(3) There will be distributed over the whole length of the shaft damping farces, 
due to the internal friction in the shaft under torsion, and proportional to the angle of 
distortion and to the velocity of distortion. These forces can be resolved into a couple 
of equal and opposite forces, acting on the crank radius at the two ends of the shaft. 

(4) Further, thei;e are acting at the two ends of the shaft the accelerating forces 
of the revolving masses m and M, whose intensity will depend upon 

(a) The angle a, or f3, respectively, of the end sections. 

(h) The frequency of the vibrations. 
The amplitudes of the forces will be in J'ra and MJ^r ^ respectively. 
Fig. 3 (Plate XVI.) represents this system of forces for a. definite period. 

Law of the Peopelleb Kesistanoe. 

If we disregard any special external influences, and assume the propeller to be 
revolving in open water, the variable resistance opposed to the propeller will depend 
exclusively upon its angular velocity. 

Fig. 2 {Plate XVI.) is based upon Rota's experiments f concerning the magnitude 
of the propeller thrust T for constant ship speeds and variable propeller revolutions. 
Rota's law may be expressed by the equation — 

T = ~ T« + C (f, ~ 0-;f (■„)». 

The propeller speed v„, corresponds to the condition of equilibrium. For this value 
v„, the propeller thrust is equal to the ship's resistance: T. = C.0'7^r,„^ When 

• Ti-unauctione of the Iiiatitntton of Naval ArchitectB, 13(Hf. 

t Kota : " La Vaaca per I'EBpeneDze <H Architettura iiavalw." Geneva. IKIW, 
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the propeller speed increases (or decreases), the ship's speed remaining constant — 
which is approximately our case — the propeller thrust will increase (or diminish) in 
accordance with the equation — 

. m _ 2 T„, A f ^ 

0-7 tv ■■ 

As long as the increase or decrease in y„ does not constitute any considerable part 
of /J„ — as is the case in our problem — the increase in the thrust may be regarded as 
directly proportional to the increase in the propeller speed. Assuming a proportionality 
between the propeller thrust and the turning moment of the propeller, we may likewise 
consider the amplitudes of the periodic propeller resistance as proportional to the ampli- 
tudes of the periodic fluctuations in the propeller speed. 

If, therefore, wr/3 be the amplitude of the propeller speed, the amplitude of the 
propeller resistance will be A w r /3. 



Analysis. 

Whatever may be the law governing the tangential force of the engine, we can 
, by the aid of Fourier's Theorem, resolve this force into a constant mean force 
P, and into harmonic forces whose frequency will be a multiple of the number of the 
revolutions made by the engine, thus — 

P = P„ + P,coB{6-, + a-) + P,coa2C<--s + .r)+ P, cos 3 (cj + x) + P^ cob 4 (c, + j-) . . . , 

where Pi, Pj, P3 . . . represent the amplitudes of the harmonic forces, and the angles 
^•'u ^> ^s ■ • • thie phases of the harmonic forces at the moment a; = 0. 

As regards the detennination of the values of the P and c, I would refer you to 
Perry's excellent " Calculus for Engineers." 

The mean force P,„ being constant, there will be a constant angular velocity of the 
propeller, and a constant angle of torsion of the shaft. On the other hand, periodically 
variable propeller speeds and distorsions of the shaft will result from the periodic 
forces. 

The forces R which are due to this varying angular velocity of the propeller may 
likewise be expressed in a Fourier series of the form — 

K=R„ + RiCOB(fti + j-) + RscoB2(fr, + j-) + B,co8 3(fr, + j-) + R,co3-I(ft4-|- j-)+ . . . 

In this expression may also be included forces occasioned by external circumstances 
Buoh as shocks, the passing of the hull of another ship near the propeller, &c., 
provided they recur at regular periods. 
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Conditions of Equilibrium. 



The conditions of equilibrium between the forces of the engine and of the 
propeller, demand that forces of equal frequency should be equal to one another, 
namely — 

P« = K. 

Pi COB (Ci + J") = Ri COS {^1 + J-), 

Ps COB 2 (cj + .r) = Rj cos 2 (fr, + x), Ac. 

Solution of the Problem. 

To maintain equiUbrium in the system — as indicated above — the geometric 
resultant of all the forces of the same frequency must become zero, since all the 
forces vary harmonically. This condition cannot be fulfilled without our knowing 
the phases of the component forces for any particular moment. 

Let us once more, by the aid of Fig. 4 {Plate XVI.), review the component forces 
from this point of view. At the propeller end of the shaft there are acting on the crank 
radius r — 

(1) The accelerating force M iJr(i ; 

(2) The propeller resistance Jw r/3, which will attain its maximum at the moment 
of maximum speed ; this vibration lags, therefore, by 90° behind the variable M w^ »■ |3 ; 

(3) The damping force i. - r ^±±A. 

The maximum of this component coincides with the maximum speed of deformation^ 
and it will therefore lag by 90° behind the deformation itself. 

At the engine end of the shaft there are acting on the crank radius r — 

(1) The accelerating force m<J^ra; 

(2) The tangential force P. 

(3) The damping force ^i*""^^^- ■ This component will be equal to the corre- 
sponding force acting at the propeller end of the shaft, but of opposite direction. The 
forces acting at the propeller end must at any moment be in equilibrium with the 
internal torsional forces in the shaft. The same holds good for the forces in play at the 
engine end of the shaft. It follows, then, that the resultant of the forces at the one 
end must be equal in magnitude, but of opposite sign to the resultant at the other end. 
"We thus arrive at the force polygon, of which Fig. 4 (Plate XVI.) gives a diagram ; 
it explains the relations existing between the different components. 
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Composition of the Vibration out of Tbbee Pabtial Vibrations. 

The vibrations of the terminals a and )3 are not. pure torsional vibrations, but are 
composed of three partial vibrations. 

(a) A torsional vibration, whose amplitude is indicated by the angle >( or f re- 
spectively. 

(6) A vibration of amplitude 7, which is the same for all the points of the shaft. 

(c) A vibration, at 90° in advance of the torsional vibration, of amplitude X or v 
respectively. 

The sub-division of the vibrations a and j8 into these components is arbitrary, and 
the magnitude of the components can be varied by changing the phases which the 
angles i) and y, and f and y respectively interfere. 

The sum of the torsional angles ^ -|- t is, of course, not variable. 

Two ways of dividing a and /3 deserve particular attention. 

(a) There is a phase difference of 90° between ?i and y, and i; and y respectively. 
In this case, the resolution will yield the minimum value for the vibration y in which all 
the points of the shaft partake equally. 

(b) This vibration y, which is common to all the points of the shaft, is supposed 
to be 90° in advance of the propeller vibration /3. This is the assumption adopted in 
our calculations, for reasons presently to be explained. I wish to emphasise once 
more that any other assumption might be made, and that the values of a and /3, and 
of ij -f- f are not influenced by the particular selection made. From Fig. 4 (Plate XVI.) 
the following equations may at once be deduced ; — 

(2) «.t. = i^. 

(3) tan * = ^ . f 1 ~ *! .^ . ) . 

' cot. V lini.u.. /S'+M'.'/ 

. C « (n sin f + /)). 



w 


li. v'F+M>.>. 


(5) 


.in. 


° '■Bm(.-,)' 


(6) 


^._^,^i^,-/)-, 


m 


PcosJ + in^'ro 
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The co-effioient C expresses the ratio of the torsional force acting upon the shaft 
to the angle of torsion — 

(8) C = Ii^, ■■ 

where I is the polar moment of inertia of a shaft section, G the modolns of elasticity, 
and L the length of the shaft. 

From the equations (1) to (8) it follows that — 

(9) , = °:fJi\?.coa^. 

Bint "^ 

(10) i = jL.C06u. 

(11) where ^ = *i^. 

For any given value of w, the equations (1) to (11) can be solved for a given system 
of masses and forces. 

VrBBATION OF ANT PoMT m THE ShaPT. 

The amphtude and phase of the vibration of a point in the shaft at the distance x 
from the mass m will be found as the resultant of the following vibrations : — 

(1) A vibration of the amplitude - ''' - ~ ^ ^^-XA^, of the same or opposite phase of ii. 

(2) A vibration of the amplitude and phase of y. 

(3) A vibration of the amplitude _-Azi£l^dili^ of the same or opposite phase of X. 

Example. 

The internal damping forces have not been taken into consideration in the 
following calculations, as the value i, seems to be rather small in comparison to the 
value k of the propeller resistance. 

Hence cob ft= 1, and Fig. 4 altera to Fig. 5 {Plate XYI.). 

By the aid of formulee (1) to (10), we can calculate all the vibration values for a given 
force of any periodicity, having given the masses m and M, and the shaft dimensions, 
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when the propeller reBistance k is known. Figs. 8, 9, 10 {Plates XVII. and XVIII.) 
illustrate the results of such calculations for the following data : — 



m = 



10670 k^ 



W 

„ _ 27860 kg 
9-81 m 
r = 61 cm. 
L= 5248 cm. 
I = 103000 cm'. 



G = 850000-*^,. 

cm* 

Pig. 9 (Plate XVIII.) gives the values of the co-efficient of the propeller resistance Tc 
and Fig. 8 (Plate XVII.) the periodic force P for frequencies of from 150 to 290 periods 
per minute, the frequency of P having been assumed to be four times the number of 
revolutions of the engine. 

Fig. 8 reproduces the force polygons for different frequencies ; the same figure 
marks the forces M (»' r /j, m (k^ r a, and kurft. Both the intensities and the phase 
differences of these forces change with the number of periods. Force and torsional 
vibration will be in the same phase for the speed and forces ; they will be in 
opposite phase, when the speed becomes = oo . 



Special Case ? = — 90°. 

The frequency for which the angle B becomes - 90° is of especial interest. In 
this case we have (compare Fig. 6, Plate XVI.) — 

mu'ry _ mni'r ji an t 

M fci" r y Hin ( . C »• (a Bin ^ 4- /J)' 
and, therefore, as — 



m -* r a ein 


♦ -M.' 


r/3. 


Cr(m + M) 


• «i.M 


J>r 


.=v 


Mm 


)^ 


c = 


1.8 

L . r" 




--a/' 


GTrsr+ 


3 


"V 


Lr"Mra 


' 
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Natubal Vibbations. 
If we imagine the whole system to be in free natural vibration, without any 
opposing resistance, the centre of gravity of the whole system must remain unaffected 
by the vibrations of the component parts. Hence we may assume the shaft to be 
clamped at its centre of gravity. We then have two systems, namely, a mass 
m vibrating at one end at a distance v. 1 „ from the centre of gravity, and a mass 
M at the other end at a distance rt-rr^ from the centre of gravity. 

Now mia^ r a = C„r o, and M w'r^ = C^r/3, and, further — 
C, = —!;«— and C^ I-Q 



hence, in both cases — 



„ = y'_I^Gl_(m+^ 



Lr»Mm 

This w represents the angular velocity of the natural vibration of the system. 
We see that this value of «>, corresponding to the natural vibration, is the same 



as that for which 8 = — 90°. 



Importakt Fobmulj:. 



The vibration plotted in Fig. 6 (Plate XVI.) is therefore composed of the following 
partial vibrations : — 

(1) A vibration of amplitude y, in which all the elements of the shaft participate ; 
the accelerating forces of this component are, at any moment, in equilibrium both with 
the damping force lcb>r^, and with the force P. 

(2) A vibration exactly like the free vibration of the shaft, unimpeded by any 
resistance. Wliilst, however, the amplitude of a free vibration is indefinite, in the 
absence of any resistance, the damped vibrations in our case have a definite amplitude, 
which, as Fig. 6 indicates, will be, for the propeller end — 

tiilcur 

and for the engine end of the shaft — 

_ ^'/ i'+W.' „ _ P . M . (/ <' +'J1'"Z7 
The angle of torsion of the two end sections of the shaft wili be — 
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TheBe formula are of very great practical importance. 

The resolution of the vibrations a and /3, which we performed above, into torsional 
vibrationB r, and ?, and a vibration y of aU the shaft elements at right angles to 0, has 
been made with special regard to this case. 

We recognise in Fig. 10 (Plate XVIII.) that the maximum amplitude of vibration 
does not quite coincide with the natural period of vibration of the shaft. This coinci- 
dence, in fact, occurs already at a slightly lower number of vibrations. In practice, 
however, the above formulffi will be found sufficient for the calculation of the critical 
values of a, jS, and (i + f). 

FOECED VmRATIONS WITHOUT DAMPING. 

Those general formulsa further enable us to deduce special formulae for the 
vibrations which, in the absence of damping, would result under the influence of the 
harmonic force P. In that case k will be 0. 



We; 


see from equations (2) and (3)- 


, = ♦ = 0° 
r = C.r(. 
r=P+m 




and from 
and from 


equation (4) — 
equation (7) — 


(J . M »■ 


■+«■ 



and that : (1) the sum of all the external forces is zero ; (2) the external forces are in 
equilibrum with the internal forces. Also M w' f(i and m w^r a vibrate in opposite 
phases. 

As long as the number of periods is less than the natural frequency, P will vibrate 
in phase with m <»^ ra ; when the natural frequency is exceeded, P will pass over to 
the contrary phase. 

We further deduce from those two equations — 

'^ ^ (M + ;w).C.<.."/--Mm»*r 

^ P ( M .^ - C) ____ 

° ' (M S- »0 ■ C . «» »■ ~ M iw «* /■ ■ 

The values of a and ^ bave been calculated for the masses stated above, and the 
results have been marked on Fig. 10 {Plate XVIII.). 

Both /3 and a become = go , when — 



y Google 



TOBSIONAL VIBEATIONS OP SHAFTS. 149 

that is, when — 

" - V — M^^ ' 

i.e., for the number of periods corresponding to the natural vibration of the shaft. 

The angle I alters suddenly from 0° to 180° by passing the frequency of natural 
vibrations (Fig. 9, Plate XVIII.}. 

V3EAT10N OF THE CeNTRE OF MaSS. 

Some further interesting conclusions concerning the vibration of the centre of mass 
of the system may be derived from the polygon of forces of Fig. 5 (Plate XVI.). The 
vibration of the centre of gravity is the result of the composition of the torsional 
vibration ^, - ""i ^^^ qJ ^j^^ vibration common to all the points of the shaft, v. 

M + ?» "^ ' 

If we trace, in the polygon of forces (Fig. 5), the respective acceleration forces 
(M w"r ?— wiiu^r ii) and (M + m}<u^r-y, we recognise that the resultant of these forces 
is equal and opposite to the resultant of the external forces P and ^-wriS, and we 
further find the rule confirmed, that — whatever the internal forces of a system — the 
centre of mass will always move as if all the external forces distributed over the 
system were acting at that centre. 

Solution op an Example when a Pekiodic Foece is Gives. 

Having shown how the amplitudes of the vibrations can be calculated for a 
^iven force of any periodicity, we will now follow the course of the amplitudes during 
one period for a definite speed, the shaft being acted upon by any given periodic force. 

Fig. 11 (Plate XIX.) shows the resulting tangential force diagram of an engine, 
which is developed in the Fourier series — 

P (in kg.) = 34760 + HOC cos i240 + a^) + 7000 cos 2 (10 -h .r) 
+ 3100 cos 3 (20 + J-) + 2410 cob 4 x. 

The engine speed is w = 70 revolutions per minute. Assuming that 90 per cent, 
only of the mean force, 34,760 kg., are taken up by the propeller, the co-efficient of the 
propeller resistance will be — 

, _ 2 . 0-9 . H4760 . SO _ ^ . , 
~ 0-7 . 70 . ;t-14 . 61" ~ 

We will farther suppose that the periodic forces are reduced by 5 per cent, before 
they enter into action at the crank radius, and that they are thus expressed by the 

series — 

33000 + 1330 cos (240 + ,r) + 6«.W cos 2 (10 + .r) + 3230 cob 3 (20 + a) + 2290 cos 4 x. 
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The amplitudes of the vibrations can be determined in the manner 
explained, and we thus obtain the following Table : — 



Periods. 


Simrle. 


Twofold. 


Thraofold. 


Foarfold. 


P.inkg. 


1,330 


6,650 


3,230 


2,290 


n 


0-0091C 


0-01993 


001550 


0-0O2M 


a 


0-00696 


00149 


003375 


0-00949 


1 + { 


0-00446 


0-0301 


0-0460 


0-01145 


. 


40° 12' 


64° 23' 


72° 43' 


76° 32' 


f 


-63=41' 


29° 2' 


64° 40 


7:i°40' 


-' 


33° 40- 


14° 53' 


-8° 41' 


-159° 42' 



The polygons of the forces and of the amplitudes .i + £, a, )3, are reproduced in 
Fig. 7 (Plate XVI.). 

When we plot the -vibrations of the separate periods in a rectangular system of 
co-ordinates, we find the resulting vibration by algebraical computation of the 
component amplitudes of that moment. Since we know the phase difference between 
each partial vibration and the respective force, we can also express the periodic 
vibration laws algebraically in a Fourier series. 

We find— 

^ = 0-00946 cos (93° 40' + j-) + 0-01993 cob 2 (107° 26' + j-) 
+ 0-0155 COB 3 (77= G' + j-) + 0-0020;« cos 4 (o° 4' + J-). 
a = 0-121 + 0-006^6 COB (120° + j-) + 00149 cob 2 ( - 1:1° 2' + r) 
+ 0-03.375 cos 3 (S° 40' + a-) + 0-00941) cos 4 ( - 44° + x). 
j, + i = 0-121 + 0-00445 COB (229° 52' + x) + 0-0301 cob 2 (4° 38' + x) 
+ 0-0460 COB 3 (11° 20' + x) + 0-01145 cos 4 ( -- 43= 18' + x). 

In these formula, 0-121 represents the constant angle of torsion between the two 
end sections, due to the constant tangential force of 33,000 kg. — 0-95 x 34,760 kg. 

The curves for a, ,3, and n + f, of Figs. 12, 13, 14 (Plate XIX.) should, I think, 
demonstrate with sufficient clearness, how much the law of the distortion of the shaft, 
when derived dynamically, deviates from the conclusions to which statical considera- 
tions lead us even under conditions like those of our example, when we have to deal 
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with forced vibrations, somewhat remote, as regards their frequency, from the natural 
vibrations of the shaft. 

Before finishing this paper, I may be allowed to point out that the same method 
which is here applied to problems concerning marine engines may be used in the case 
of any other engine, especially for dynamos, for which we may likewise assume a 
proportionality between the turning moment and the angular velocity. 

Conclusion. 

Two rules may be laid down as self-evident conclusions to be drawn from these 
deductions, already stated by the above-mentioned authors. 

(1) The force with which the engine acts on the shaft should be kept as uniform 
as possible. 

(2) We should avoid the continued application of revolutions of the engine whose 
number bears a simple ratio to the frequency of the natural vibration of the shaft. 

The following addition may, in my opinion, be made to these simple rules : — 

(3) We should determine the possible tangential force diagrams for that number 
of reyolutions, likely to be adopted in practice, which is most exposed to vibrations, 
and then ascertain, with the aid of the formula given, whether the resulting distortions 
(■I + i) of the shaft will remain within admissible limits. 



DISCUSSION. 

Mr. W. E. SlUTH (Member of Council) : Mr. Chairman and Gentlemen, 1 am, as you all know, 
not a technical engineer, but I am engaged in installing engines on board our ahiijs, and am, eon- 
aequently, much interested in their behaviour. We all remember that when we went to school, 
years ^o, we were taught what is called the third law of motion, viz., that to every action there 
is a correeponding opposite and equal reaction. This study of the torsional vibration of shafts has 
an important hearing on the torsional vibration of ships caused thereby. We all know that 
the torsional vibration on ships is not nearly so large in amount as the longitudinal vibrations 
caused by the forces which have just been dealt with at some length by Professor Dunkerley. It 
was not 80 very long ago m point of years, although a considerable time ago in point of march 
of events, that we were driven, as naval architects, to resort to all sorts of impromptu aiJijiiances foi- 
reducing the longitudinal vibrations of ships. I remember, in the old Rattlesnake days, dealing with 
considerable vibration of the deck over the engine-room. That deck was supported, as is \isual, 
by bewiis of imiform sectional area, and, as the engines could not Ik altered, we had to alter the 
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deck. We resorted to the artifice of making one beam twice the depth of the next, and that nest 
beam one and three-qiiarters the depth of the next, and so on, purposely throwing the beams out 
of tune, and making it difficult for them to vibrate in the same time. The plan succeeded, but 
the cause remained, although the effect waa removed. In those days, engineers were not very keen 
to take up this question about the reduction of the causes of vibrations of ships ; hut, one after 
another, they all studied the question, and ultimately, as regards the longitudinal vibration 
of the ships, arrived at what we now call the Yarrow-Schlick-Tweedy system, or some similar 
system, and practically the whole longitudinal vibration is cured. We have, for instance, just passed 
into the Navy a aliip of almost unprecedented power. She has most successfully gone through her 
trials as regards longitudinal vibration, and on account of the great care bestowed in fixing the 
angles of the different cranks, in determining their powers, in suitably disposing the several cylinders, 
and all that sort of thing, we have got practically complete absence of longitudinal vibration. Up 
to the present, the question of torsional vibration has not received the same amount of extended 
investigation, and that is quite natural, on account of what I said before, viz., that it is much less 
in amount ; but still, it has an important tearing with regard to warships, although, perhaps, 
not more important in warships than it may possibly be in some other special classes of ships. 
We all hear a great deal nowadays about the man behind the gun, and how much we have to 
trust to him. I assure you, from having seen the thing myself, that this question of torsional 
vibration on ships is a matter that, under certain circumstances, may affect the accurate shooting- 
of guns when trained on the beam. When a ship is rolling at sea, the broader oscillations can be 
allowed for, and the gunner very soon acquires the skill for that, and for letting the gun 
off at the proper time ; but with a ship that has, under certain conditions, a very pronounced 
torsional vibration, the motion is so quick in period, that it is extremely difficult for a man, under 
the circumstances, to allow for. This introduces a difficulty in shooting which we, as naval architects, 
think ought not to exist, and we should be verj- grateful for any investigation which would tend to reduce 
it. As to the influence that this question of reduction of torsional vibration may have on the saving 
of weight, we cannot hope for very much saving, because the forces are not very large in amount. 
A small amount of structural weight put in the proper place may, perhaps, verj' largely damp the 
oscillation, but we must not think too lightly of the problem simply because the forces are small. 
We should think them out and get rid of the trouble. The principle laid down on the last page of 
the paper is one that, I think, all engineers must heartily concur in. Herr GWmhel says, speaking 
of torsional vibrations of ships (although this applies generally), " that the force with which the engine 
acts on the shaft should be kept as lanilorm as possible." That is in the direct interest of saving 
of weight. The nest statement is also one which we must cordially endorse, and it is very clearly 
put, viz., that "we should avoid the continued application of revolutions of the engmes which bear 
a simple ratio to the frequency of the natural vibration of the ship." In this paper, that has reference 
only to the torsional vibrations, although it applies really to other things as well, I hope some 
teclmical engineer will come forward and discuss the problem purely from an engineering point of view, 
but, as a naval architect, I feel so much gratitude to our mathematical engineers who take the 
trouble to investigate these problems, and help us out of the difficulties which we should otherwise be 
in, that I could not refrain from rising to thank Herr Giimbel for the great pains he has taken, 
and to assure him of the undoubted benefits which all designers of ships, who take a proper interest 
in their busmess, derive from such investigations as these. 

Mr. Macfablane Gray (Member of Council). Herr Giimbel has paid our Institution a high 
compliment in presenting this paper to us. Not many of us will master all its details, but Mr, 
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Smith seema to have a clear grasp of the paper, and speaks highly of it. I can only admire tlie 
mathematical talent which the author has disclosed in these long \ nvestigations, though I cannot 
pretend to have followed them in detail. 

Professor S. Dunkeeley (Associate) : I am afraid. Sir, that I cannot profitably join in tlie 
discussion, l^ecause time has only permitted me to glance hurriedly through Herr Gttmbel's paper. 
But I certainly think that it is one of great value, and I should be sorry to miss this opportunity of 
expressing my appreciation of it. The subject of torsional vibrations of shafts, subjected to periodically 
varying turning moment and resistance, is exceedingly complicated, and the present paper is, I think, 
a very long step towards the correct solution of the problem. 

Herr L. GDjibel (Associate) : I beg to thank you, Gentlemen, for the kind reception you have 
afforded me, and I hope that the small theoretical contribution I have had the honour to lay before 
you may conduce to further the solution of a highly practical engineering problem — that of the 
safety of shafts. 

The Chaksian (Mr. A. F. Yarrow, Vice-President) : On behalf of the Institution, I have much 
pleasure in thanking Herr GUmbel for his very interesting paper, as it is one of considerable value. 
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IMPROVEMENTS IN PROPELLER SHAN'T BEARINGS. 

By A. Scott YonBOKE, Esq., B.Sc, Member. 

[Read at the SpriDg MeetiogB of the Forty-Third Session of the Institution of Naval Architects, 
March 20, 1902 ; A. F. Yarrow, Eaq., Vice-President, in the Chair.] 



At the Spring Meetings of this Institution in 1900, the writer had the honour of reading 
a paper on " Failure and Corrosion of Propeller Shafts," in which an attempt was 
made to show that many of the recent failures of the propeller shafts of cargo 
steamers were partly to be explained by the bending of the shaft due to the weight and 
thrust of the propeller, taken in conjunction with the severe stresses induced by long 
voyages in ballast. It was shown that this bending action produced its greatest effect 
at the ends of the brass liners, just where most of the fractures occur ; and one of the 
conclusions arrived at was that the liners on the shaft were a source of weakness in 
producing a sudden break in the strength of the shaft, and thus localising the action at 
the change of section. 

By way of illustrating this action, the attention of the meeting is directed to the 
Table on the next page, giving the results obtained from fourteen steamers, of which a 
careful record has been kept. All these vessels have been built within the last seven 
3'ears, and are of the regular cargo type, having speeds from 8 to 10 knots. They have 
been employed in all trades, and have made many voyages to all parts of the world, 
loaded and light. This Table is extremely interesting and instructive, and certainly 
appears to justify the remark that some alteration in existing practice with regard to 
propeller shafts is necessary. 

These shafts were all made of iron by good makers, and, with three exceptions, 
were condemned on account of the circular fracture which frequently appears at the 
ends of the after liner. Of these three exceptions F is still at work, and when last 
examined, in August, 1901, was in fairly good order, but showed distinct evidences of 
the well-known grooving action. The sister ship E met with a mishap to her 
propeller, or, doubtless, her shaft would have been still at work. The third exception 
is H, which broke at sea, involving the towage of a fully laden ship some 800 miles. 
Curiously enough, this shaft was examined about the same time as that of her sister ship 
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I ; bat, being apparently in good order, was passed by Lloyd's surveyor. It will thus be 
noticed that this shaft broke within two years of its being examined and passed. All 
the other shafts were condemned in dry dock. 
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The first group, A, B, C, are wonderfully uniform, and call for little remark, beyond 
a reference to the low average life of the shaft. 

The next group, E, F, G, illustrate the advantage of extra ballast and increased 
diameter of shaft. Here it will be noticed that G has 240 tons less water ballast and 
^ in. less diameter of shaft than her sister ships, and it seems fair to conclude that 
the short life of her shaft was partly due to the combination of these qualities. The 
same remark applies to the case of T>. The remaining cases appear to call for no 
special comment, if we except the remarkable uniformity in the short life of the shafts. 

In view of the facts contained in the above Table it is questioned whether propeller 
shafts should not be more frequently examined than is the case at present. Lloyd's 
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Register require an inspection every two years ; but even this limit seems too 
great for the extremely full steamers of the present day. The firm for whom the 
writer acts as superintendent now insist on having an annual inspection, if at all 
practicable. 

The reasons for these uuBatisfactory results being now pretty well understood, it 
is not 60 common as it once was to hear the failures of propeller shafts referred 
to as mysterious. The main reason is that too much has been expected from the 
propeller shaft, and the conditions under which it has to perform its work have 
gradually been made more and more severe. 

Thus, while the size and fulness of steamers have increased, the engines and 
propeller shafts have not increased in anything like the same ratio. Again, the 
requirements of trade have been such, that many light-draught cargo steamers, having 
large propellers with comparatively small shafts, have had to make long ballast voyages. 

Though, perhaps, a little surprising that the effect of these changes should not 
have been appreciated sooner, it is satisfactory to note that the registration societies 
have recognised the necessity for larger shafts and more frequent inspection. 

It is also generally admitted that it would be an immense advantage if more 
ballast were carried, as any additional immersion would tell in favour of the propeller 
shaft, and modify the severe stresses occasioned by ballast voyages. 

In the discussion which followed the author's paper of 1900, attention was called 
to the usual design of having the propeller entirely overhung, and with the shaft 
working in a slack bearing with wato- lubrication. There is no doubt that this is a 
defective arrangement, and must be held accountable for some of the trouble recently 
experienced. 

Among the proposals recommended on that occasion as likely to lead to 
improvement in the method of supporting propeller shafts, there were two involving 
alterations and additions to the present arrangement, and of these, the one of 
adding a bearing aft of the propeller seemed, at first sight, the more promising, and, 
iu some respects, the more scientific. 

However, on further consideration it appeared that this plan could not be carried 
out without elaborate and costly alterations in the present design of the stem frame, 
though something may be done to reduce the overhang, by extending the bearing 
close up to, or even partially into, the propeller boss, and a design embodying this idea 
is referred to later on. 

The other method is to abolish the brass liners, and run the shaft in a metal 
bearing lubricated with oil, and from which the water is excluded. The necessity for 
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this last requirement becomes apparent when it is remembered that the vessel might 
remain two or three weeks in port without turning the engines, and if water had access 
to the shaft, considerable rusting would occur, and inevitably lead to trouble in the 
bearings when the voyage was resumed. 

There have been many cases in which shafts have been run without liners ; but, so 
far as the author knows, there is no published record of the results obtained. As, how- 
ever, several instances have recently come to his knowledge in which attempts have 
been made to run propeller shafts without liners and lubricated with oil, it seemed 
desirable that the results of some of these full-scale experiments should be brought 
together and given a permanent form. 

The objects of this paper are : — 

(1) To record some of these results; 

(2) To bring before this Institution some improvements in propeller shaft bearings 
including : — 

(a) A modified design of stern tube, with a stuffing-bos at the after end, adjustable 
from within the vessel ; and 

(h) A new design of after packing gland, which is considered suitable for lineriess 
propeller shafts. 

In designing these improvements, the writer has had associated with him his 
former colleague at the British Corporation Registry, Mr. J. Foster King, and the 
opportunity is here taken to acknowledge the valuable assistance received during the 
course of the work. 

S.S. Carlisle.— The owner of this steamer, Mr. Simpson, of Cardiff, being 
interested in the propeller shaft problem, determined to try the effect of running the 
shaft without liners, in a stem tube filled with lubricant, but without having any gland 
at the after end. A new iron shaft was made equal in diameter to that of the old shaft 
over the liners, and fitted at Cardiff in March, 1900. A sketch of the arrangement is 
shown in Fig. 1 (Plate XX.). The lower two-thirds of the bearing was lined with white 
metal the upper third having lignum vita staves fitted as usual, and the tube was 
filled before leaving dry dock with melted stemoline, or solidified oil. It will be noted 
that the only change from the usual arrangement consisted in having white metal in 
the bearing and oil in the tube. In the course of the voyage, which had 72 steaming 
days, 10 gallons of oil were put into the tube from a pipe in the saloon, being about 
one quart of oil every two days. At the end of the voyage, the steamer was dry-docked 
and the shaft was found to have worn down the bearing i\ in. The tube was again 
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nm up with lubricant, and the engineer instructed to use double the quantity on the 
second voyage, which lasted about the same time as the first. Accordingly, the oil 
nsed amounted to about 20 gallons. 

The third voyage also lasted about 4J months, and, acting according to instructions, 
the engineer used about 35 gallons of oil, this being somewhat less than two quarts for 
every steaming day. 

At the end of the third voyage, the steamer was again dry-docked, when the bearing 
was found to have worn down /^ in. On this occasion the propeller was disconnected 
and the shaft drawn in for examination. It was found to be in good order throughout 
its length, except the last 12 in. at the after end of the bearing, which was somewhat 
pitted ; also the part nest the propeller, which was exposed to the action of the water, 
was corroded, and slightly reduced in diameter. 

The results of this experiment may be summarised as follows ; — 

Duration of experiment ... 13 months. 

Material of shaft Iron. 

„ „ bearing White metal. 

Lnbrioant Solidified oil with free access of water. 

Wear down A in. 

Condition of shaft Good thronffhotit the body, but defective at after end. 

The shaft was again drawn in for examination in December, 1901, after travelling 
a further 27,000 miles, but little difference could be detected in its condition. 

The conclusion to be drawn from this appears to be that, in order to make this 
method a success, it is advisable to exclude the salt water from the bearing, and also 
from the pari, of the shaft between the bearing and the propeller. 

Some extremely interesting and important results have been obtained by Mr. 
Hamilton, the well-known superintendent for the Clyde Shipping Company, and the 
author is indebted to him for permission to embody these results in this paper. 

(1) The first steamer fitted by Mr. Hamilton was the S.S. Lizard, and the arrange- 
ment adopted is shown in Fig. 2 (Plate XX.), from which it will be seen that the shajft, 
which was iron, was run in a white metal bush, and that a long stuflSng box provided 
at the after end was filled with white metal packing, with a turn or two of soft packing. 
The gland was screwed hard up solid ou to the end of the bush. The space between the 
tube and the shaft was filled with tallow, and a pump was provided in the tunnel for 
forcing oil into the tube as required. A peculiarity about this arrangement is the 
large overhang of the propeller, which was subsequently recognised as a bad feature, 
and reduced. 
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Boilt and fitted 
Dry-docked ... 



The following tabular statement shows the results obtained from this 
arrangement : — 

September, 1895. 

January, 1897. Shaft down J in. fnll. 

January, 1898. Shaft down ^V ii- *all- 

„ January, 1899. Shaft drawn, white metal bosh renewed, over- 

hang of propeller reduced. The shaft showed np rather 
rongh and reedy, owing to the action of the wdt water 
which had got in. It was also badly wasted next the 
propeller, 

February, 1900. Shaft down -^ in. fnll. 

„ January, 1901. New propeller shaft fitted, having brass after 

liner 6 ft, long, lower half of bearing whit« metal, top 
half wood ; also after staffing box reduced by abont 6 in, 

At every docking, melted tallow was run into the tube, the amount required 
varying from a few pounds, when the shaft was seen in place, up to about 120 lbs., 
when drawn in for examination. 

(2) S.S. Garmoyle. — The arrangement in this case is substantially the same as 
that shown in Fig. 2 for the Lizard. There is a slight alteration in the white metal 
bush, but the arrangement of the after stuffing box, overhang of propeller, <&c., are 
the same. A continuous supply of oil was pumped into the tube by a force 
pump worked with a ratchet off the shaft in the tunnel 



Boilt and fitted 
Dry-docked ... 



(3) S.S. SJcerryvore 

Built and fitted 
Dry-docked 



January, 1896. 

May, 1897. Shaft down i in. full. 

December, 1897. Shaft down -^ in. bare. 

Januarj", 1899. Shaft down -^ in. 

November, 1899. Shaft drawn, white metal bush renewed, 
overhang of propeller reduced. The shaft was badly 
corroded at the after end next the propeller, but otherwise 
in good order, 

November, 1900, Shaft down -^ in. bare. 



March, 1898. 

December, 1898. Shaft down^^ in. bare. 

March, 1900. Shaft down -^ in. 

February, 1901. Shaft drawn, bush refilled with white metal, 
overhang of propeller reduced, depth of stuffing box 
reduced. Shaft in good order in tube, but slightly 
corroded next propeller. 
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Other steamers fitted in this way are the Saltees and the Toward, both newer 
than those already referred to. These boats are trading to Cork, Waterford, Sooth- 
ampton, &e., where they frequently have to drag through sand and mud, so that the 
results obtained are perhaps less satisfactory than would be the case if their trade 
were oversea instead of coasting. 

The S.S. Lizard has, as already stated, been fitted with an after brass liner, and 
Mr. Hamilton does not intend to continue having sha^s without liners, so that in due 
coarse all the others will come to be so fitted. 

On analysing these results, it will be observed that : — 

(1) Every shaft was corroded between the propeller boss and the after gland, as in 
the case of the S.S. Carlisle already referred to. 

(2) The examination in dry dock showed the ill effects of overhang of propeller, 
so that the less this can be made, the better. 

(3) In every ca<ie water got into the tube, showing that, in order to make this 
arrangement sueceesful, the after staffing box must be designed in such a way that the 
gland is either automatically adjustable or under the control of the engineers iu the 
ship. 

(4) All these shafts were made of iron, and with the action of the salt water, the 
reedy nature of the material showed up, and made the wearing surface somewhat 
rough. 

The next cases are those of several steamers belonging to the Stag Line, Ltd., of 
North Shields, and the author is indebted to Mr. Joseph Robinson, the managing 
owner, for his courtesy in giving permission for these results being brought before 
this Institution. 

The first vessel treated in this way was the S.S. Clematis (346 ft. x 46 ft. x 19 ft. 
3 in.), built on the Tyne in July, 1898, and fitted with a linerless propeller shaft 13 in. 
diameter, the size required by Lloyd's rules (1901-2) being 11 J in. The stem tube was 
fitted with white metal bearing strips and the annular space round the shaft filled with 
oil. The arrangement was somewhat similar to the S.S. Carlisle (Fig. 1), with the 
addition of Hunter & Milne's patent packing, which was fitted to exclude water from 
the tube. A sketch of this design is given in Figs. 3, 4, and 5 (Plate XX.). The resTilts 
obtained firom this shaft have been most encouraging. It was examined in dry 
dock about every six montha for the next three years, and at the end of that time the 
white metal was worn down only 3V ^^- The shaft was then drawn in for examination, 
and found to be in a most satisfactory condition. Up to December, 1901, the vessel 
had steamed over 135,000 miles, many of the runs being made light ; also in 
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thfl ordinary course of her trading, she was navigating muddy and sandy rivers. The 
owners looked upon the result of this experiment as encouraging enough to warrant 
them in giving further trials, and accordingly two other steamers (built in December, 
1899, and February, 1900) were fitted in the same way, and have, up to the present 
time, given entire satisfaction. 

The S.S. Gloxinia (313 ft. x 45 ft. x 23 ft.), belonging to the same owners, was 
fitted with the usual shaft, having two separate liners, in December, 1896. At the end of 
four years (during which time one shaft broke at the after end of the after liner, and 
another was condemned) the vessel was fitted with a parallel shaft running on a white 
metal bush, and fitted with Hunter & Milne's patent arrangement already referred 
to. The original shaft was 11^ in. in diameter, and the new one 12|^ in., 
being the diameter over the liners of the old shaft. This steamer has since 
then given every satisfection, and no further trouble is anticipated with the propeller 
shaft. This arrangement is now being supplied to other steamers, and can be fitted 
to any existing stern tube, with only some trifling alterations. 

The attention of the meeting is now directed to a modified form of stem tube, 
having an improved bearing surface for, and provided with efficient means of lubricating 
the propeller shaft. (See Figs. 8 to 13, Plate XX.) 

The tube itself is made of cast steel, and bored out at each end to receive brass 
bushes filled with either white metal or lignum vitfe staves. The bush at the forward 
end forms a shallow stuffing box for holding oil in the tube. Along the body of the 
tube are cast four pockets, extending from the after peak bulkhead to the eye of the 
stem post, in which are fitted four long bolts. The after ends of these bolts are screwed, 
and work in brass nuts let into recesses cast in the end of the stem tube, as shown in 
Fig. 13. The forward ends extend through suitable oil-tight glands in the flange of the 
tube into the tunnel recess, where they are under the control of the engineers, who can 
screw them up as may be necessary. An outside stuffing box is fastened to the nut of 
the stern tube, and a solid gun-metal flanged ring is secured water-tight to the 
propeller, concentric with the shaft. These together form a recess for two turns of 
special packing compressed by a gland which can be advanced by screwing up the long 
bolts already referred to. 

It is proposed to make this packing of hollow square rubber, coated with specially 
prepared canvas. The hollow core would have sealed ends, so that when fitted in place, 
the imprisoned air would form a spring always tending to keep the surface of the 
packing pressed against the revolving ring on the propeller. In this way, it is 
thought, the gland would keep practically tight even with the small amount of slackness 
in the bearing necessary for good working. The arrangement as proposed permits 
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of the gland being readily packed by simply removing the stuffing box, which is made 
in halves for the purpose. 

The annular space in the tube round the shaft is to be filled with oil drawn 
from a tank secured in some convenient position, either in the tunnel recess or on 
the after peak bulkhead. 

It is thought that with the arrangement as given, this tank might be fitted with a 
gauge glass for reading the level, and secured in the tunnel recess, as high above the 
stem tube as practicable. The supply of oil could then be regulated by the engineer, 
who could draw off a quantity from the tube by the drain cock and return it to the tank. 
When drawing off the oil, if water was found to be present in any quantity, the outer 
gland would be screwed up until the flow of water was stopped. Any water then 
remaining would be drained off, and its place taken by a further supply of oil. 

It is not anticipated that the oil consumption would be a serious item, as the 
amount of leakage should be small, and any leakage at all could at once be ascertained 
by examining the level in the oil tank, or drawing off a quantity from the tube. 

If preferred, an oil pump could be fitted in conjunction with the filling-pipe, so 
that by forcing in oil every part of the bearing is bound to be supplied. This, however, 
would hardly be necessary with the arrangement as given. 

The several sketches (Figs. 8 to 13, Plate XX.) make the arrangement clear, though 
necessarily some small details have been omitted. The design, it will be noticed, is 
for one of the short stem tubes which are frequently fitted in steamers with pretty fall 
lines, but it is, of course, equally well adapted for the finer boats with long tubes. 

A variation in this design is one in which the boss of the propeller is cored out to 
receive the end of the bearing, and in this way a further reduction in overhang of the 
propeller is obtained. Bough sketches showing this arrangement are given in Figs. 14 
to 16 (Plate XXI.), though the details have not been fully worked out. 

The advantages of this design over existing practice are : — 

(1) Reduced stress in the propeller shaft by the extension of the bearing closer up 
to the propeller. 

(2) Prevention of local action by abolishing the brass liners, and thus preserving 
continuity in the strength of the shaft. 

(3) More efficient lubrication of the propeller shaft, which revolves in a bath of 
oil on a metal bearing, and is thus free from excessive slackness, or wear down 
out of line. 
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(4) The after gland is adjustable from within the vessel, so that any leakage of 
oil can be detected and remedied. In many cases also, this gland could be re-pticked 
without dry-docking, Le., hy simply tipping the steamer. 

The experience of the last few years seems to show that the use of separate liners 
on propeller shafts is a bad practice. The reasons why this is so have been already 
referred to, and were given at length in the author's paper of 1900. 

The practice of fitting a continuous liner is now becoming more common, and is 
certainly an improvement, though there are several objections to it, which should 
not be overlooked. 

These objections are : — 

(1) Continuity in the strength of the shaft is not maintained. The weakest section 
is just forward of the propeller boss, at a part ill fitted to sustain a sudden shock such 
as would be occasioned by the propeller striking any floating object, or even by the 
violent racing of the engines. It is believed that many of the cases in which propellers 
are lost by firacture at this point are to be explained in this way. 

(2) There is difficulty in making a thoroughly watertight joint between the 
liner and the propeller, even when a rubber ring is fitted, as is usually done. The 
writer has examined and condemned many shafts on account of defects at this 
part occasioned by water getting in and causing the grooving action usually found at 
any plane of weakness. 

(3) The body of the shaft cannot be examined after the liner has once been fitted, so 
that any latent defect in the material would not be discovered in time to prevent a 
breakdown. 

(4) There is also the greatly increased first cost, though this would not be 
considered excessive, provided the cure were efiective. 

The adoption of linerless shafts gets rid of all these objections at once, though it 
introduces other difficulties which were referred to in the early part of this paper. It 
was shown that these difficulties had been successfully overcome by the use of Hunter 
& Milne's packing gland at the after end, and there seems no reason why this arrangement 
should not work well in many cases. 

Another device for answering the same purpose is Cedervale's protective 
lubricating box, which is fitted in a similar manner to the one just referred to, and 
is illustrated in Figs. 6 and 7 (Plate XX.). It is well known that the result of this 
has been in some cases very satisfactory, though it must be admitted that the reports 
are somewhat conflicting ; and in several instances, notably those of the larger 
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steamers, much trouble and expense have been caused to owners by the failure of the 
arrangement. 

It will be seen from the illustrations that the design of Hunter & Milne is to a 
certain extent similar to that of Cedervale, and is, in the writer's opinion, open to the 
same objections. 

The defects common to both appear to be : — 

(1) There are a considerable number of small working parts which require to be 
carefully fitted together, and which are liable to give trouble in coupling up the 
propeller, as this work is frequently done in a great hurry. 

(2) The springs which supply the pressure of the rubbing surface are not easily 
adjusted without docking the steamer, and the packing rings cannot be removed until 
either the propeller is taken away, or the shaft is disconnected in the tunnel and drawn 
aft several inches. 

(3) The varying length of the shafting due to changes of temperature must cause 
considerable variation in the pressure exerted by the springs, and be likely to cause 
leakage. The writer has recently had some observations taken with a view to estimating 
this amount. Instructions were given to the engineers of several steamers to keep a 
log recording the temperatures of the sea, of the air in tunnel, and of the oil in the caps 
of the tunnel bearings. The air in the tunnel was measured at each end and in the 
middle, and the mean figure taken. It seems reasonable to assume that the shell of 
the ship under water would take the temperature of the sea ; while the temperature of 
the shaft would not be less than that of the air in the tunnel, and in some cases would 
considerably exceed it, owing to the bearings running with a working heat. With 
these assumptions, it would follow that shafting 150 ft. from the low-pressure engine 
to the propeller shaft coupling would alter in length from J in. to J in., due to an 
increase of temperature of the shafting over the ship of from 20° to 40°, 

The result of the observations confirms this reasoning. It was found that the 
temperature of the air in the tunnel was 13° to 25° in excess of the sea, and the 
tunnel bearings were hotter than the air by from 12° to 75°. In this last case, the 
elongation was measured by a gauge {Fig. 17, Plate XXI.) made in port with everything 
cool, and on trying it later with the bearings working warm, it showed that the shaft 
had lengthened f in. The length of the shaft from the low-pressure engine to the 
propeller shaft coupling was 105 ft., so that, in a large ship, the elongation might reach 
^ in. This is not a large amount, but it would materially affect the satisfactory 
working of springs 2 in. to 3 in. long. It has been suggested that some instances ol 
the failure of Cedervale's arrangement were due to this cause. 
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In the design shown in Figs. 18 to 20 (Plate XXI.), these objections have been 
overcome. The number of working parts has been considerably reduced, the packing 
can be examined or renewed without disturbing the propeller or shaft coupling, and 
the fore-and-aft movement of the shaft cannot affect its efficiency. 

It will be seen that a brass collar ring is threaded on the shaft and bolted 
watertight to the propeller, forming a smooth working surface for the packing, 
and protecting this part of the shaft from the action of the water. The packing box or 
casing is formed of two rings, as shown, the after one of which is made in halves for 
convenience of removal. This casing encloses a rubber tube, which presses the 
packing against the collar, thus forming a watertight joint. The packing consists of 
two gun-metal rings, made in halves, and arranged so as to break joint. 

This design is the result of many experiments with different tubes and forms of 
packing ring made during the last year. A sketch of the experimental apparatus is 
given in Fig. 21 (Plate XXI.}, which sufficiently explains itself. The shaft was 10 in. in 
diameter, and revolved at about 60 revolutions per minute. It will be observed that 
the rubber tube was fitted with an air valve and pressure gauge, which permitted the 
pressure to be controlled and varied at will. A pressure of 10 lbs. was found to be 
sufficient to keep the gland absolutely tight. 

The simplest form of this packing is a thick soft rubber tube with sealed ends 
(Figs. 18 to 20, Plate XXI.), having just sufficient compression to keep the rings close 
against the collar. In most cases, this would be quite sufficient for all practical 
purposes. In other cases, where it might be advisable to retain the means of inflating the 
tube, the air valve would, of course, be fitted in some place accessible to the engineer, 
who could vary the pressure as found necessary. 

This design can readily be fitted to any existing steamer, and would be specially 
useful in the case of twin screw, or turbine steamers, with outboard shafting supported 
on "A " brackets. In turbine steamers, where the shafts revolve at a high rate of speed, 
some such arrangement would allow the bearings to be properly lubricated, and thus 
reduce tear and wear. 

As the result of his experience with propeller shafts, the author would suggest the 
following improvements in design as offering in the meantime, perhaps, the best 
available solution of this problem : — 

if ATEBiAL. — Ingot steel hydraulically forged, and without liners. 

DiAMETEB. — To be equal to an ordinary shaft over the liners, i.e., about 1^ in. over 
nile size. 
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Beabihq. — To be white metal and extended as close as possible to the propeller', 
so that the overhang may be a minimum. 

LuBBicATioN. — The shaft to be fitted with some form of after gland, bo that it may 
run in a bath of oil and thus prevent wear down. 

If these suggestions were generally adopted, it is anticipated that the life of 
propeller shafts would be greatly extended and the present lamentable list of shaft 
failures considerably curtailed. 

In addition to the names already mentioned in the paper, the author has to 
express his acknowledgments to Messrs. John McNeil & Co., of Glasgow, who kindly 
carried out all the experimental work referred to. 



DISCUSSION. 



Mr. H. M. RouNTHWAlTE (Member) : Mr. Chairman and Gentlemen, it is difficult to over-estimate 
the importance of this question at which Mr. Younger keeps pegging away. I am very glad to see 
that he does so. It is a matter of the very greatest importance to all connected with steamships. 
There are, however, one or two points I have noted and which I should like to discuss. The first is that, 
to my knowledge, naked propeller shafts — that is, shafts without sleeves of any description — have been 
in use for at least thirty years. Steamers have been running out of the Humber to the ports of 
North Europe with iinerless shafts and white metal bearings for fully that length of time. The 
fact that they have continued so to run, shows that the results have been fairly satisfactory. But 
it is important to not* that the white metal used ia not what might lje called a copper white metal. 
It is not a Babbett metal, that is, a metal containing eight or nine per cent, of copper and 
possibly the rest tm, and no zinc, so that the copper is left practically free to attack the shaft; it 
ia more what might be called a Penton's metal. It is a zinc white metal containing only about 
one per cent, of copper and something like eighty per cent, of zinc. I may incidentally mention that 
white metals with a lead basis have also been found objectionable, because they corrode the shafts. 
There are some well-known white metals on the market that are comjiosed princijially of lead, I 
believe. The results obtained from ihe Clematis, and given by Mr. Younger, are remarkably good, and 
would seem difficult to beat ; but there are objections, as the author has pointed out, to the form 
of apparatus used. As regards the stem tubes shown in figs. 8 to 13 (Plate XX.), I do not like 
the rubber : " rubber packing covered with canvas " is the description in the paper. Of course, if oil 
can be entirely excluded, it will do veiy well, but I doubt whether oil can be excluded, and, of course, 
when oil and rubber come together, the oil very soon destroys the rubber. I have some -doubt, too, 
about the stioffing boxes, and the method of tightening up. In order that the stuffing bos may 
be in hah-es as he skttches it, and removable, it would have to !» attached by means of screws instead 
of by square-necked studs, and there is alwaj-s risk in using screws. In fact, it requires actual 
experience to convince one of what will come adrift about a projieller; everything comes adrift; 
nothing seems to stand the vibration. At the middle of page 162, Mr. Younger incidentally speaks 
of the short stern tubes of full vessels. I think that, probably, some of the mischief which haa been 
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occurring with propeller shafts is due to these verj' short stern tubes. One-eighth inch wear down 
at the outer end in an 8 ft. stern tube would, of course, give double the inclination of shaft, 
and double the stress, that it would give in a 16 ft. stem tube ; and I do not know that our 
registration societies have taken that into accoimt. I speak of the distance l,>etween the after bush 
of the stem tube and the after tunnel bearing. I take it that, in very full s'lips, this distance is 
ver5' short and that the shaft is not so well guided as it would be with a longer tube. There is no 
difficulty in making the tube longer even in a very full ship. I see no reason why there should not 
be a partial after collision bulkhead 
placed in the tunnel, why the after part 
of the tunnel (say eight or ten feet) should 
not form part of the after peak space. In 
the design shown in Figs. 18 to 20 (?lat« 
XXI.), the last one that the author 
described, there is again the objectionable 
indiarubber, which I am afraid would 
give trouble. I have taken the liberty of 
sketching out a suggestion here (Fig. 1), 
which, I think, would be, in some re- 
spects, simple, and would get over some 
of the difficulties I have referred to. I 
am proposing to have at A a ring with half 
lapped joints fitted with tongue pieces, 
and held in contact with the brass sleeve 
B by means of a spiral spring (9 or 10 
in. long) fitted into a groove on the 
outer circumference with a piece of 7*^ in- 
flexible wire rope carried round to com- I 
plete the circuit. It is not necessary to 1 Fic. I. 
make the spring the full length required 
to pass round the whole circumference. 

I thmk, in some respects, thb would be simpler. The space C would be full of oil, and as the 
supply tank would be above the water line, the oil would tend to press the ring against the 
outer cover D. The oil would also pass up into the spring space and prevent corrosion of the 
spring. In the case of a twin-screw ship, instead of the propeller boas here shown, there would simply 
be a cast-iron or cast steel disc, keyed on to the shaft, immediately aft of the stern tube, and another 
similar one at the forward end of the bearing in the after bracket or ajjectacle frame. There is just 
one other point which concerns both this design and that shown in Mr. Younger's paper. It would 
not be possible to keep the oil out of the propeller boss, as it would pass in down the feather-way, 
I think it would be a good thing to revive an old practice, and to fill the propeller boss solid with 
tallow. The ring which I have shoft-n of brass or gun-metal may be of vulcanite, as this material has 
been found to work very well with gun-metal. The lignum-vitip tearing has been a good servant 
for many years, but I think it will have to go before we are much older. 



Mr. S. W. Barn'aby (Member of Council) : We are verj' grateful to Mr. Scott Younger for the 
two papers he has given us on this subject. Many of the menil)ers must remember his last paper, 
where he showed that many of these accidents to shaf s were accounted for probably by the 
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propellers being run for long voyages partly out of water, and the suggestion which he makes to-night 
ia, I think, a much more practical one than that which he brought Ijefore the meeting last time. 
I was told by a foreign engineer only two or three days ago that thia j)ractiee of running the shaft in 
a tube filled with oil was having extremely good results abraad, and he was surprised that it was 
not more followed in thia country than it is. As to the author's projiosal to extend the after Itearing 
into the propeller boss, I think that looks like a step in tlie right direction. 

The Chaibuan (Mr. A. F. Yarrow. A'ice-President) : I should like to ask Mr. Younger one or 
two questions. He saj-s that more frequent inspection of ahafta would lie a verj' good thing, and 
that registration aocieties are recognising the necessity of it. I should like to know if insijection 
always indicates whether a shaft is fatigued or not. t)f course, I can quite understand that if there 
is a flaw in the shaft, or if the shaft begins to show any signs of fracture, insjiection would !» a very 
good thing, but I should also imagine that the shaft might get fatigued, and that in3[>ection would not 
show it. Shafts wear down at the outer bearing, and I imagme that one cause of shafts brfakmg 
is due to the torsional strain on the shaft, combined with its not being in line when it ia worn down. 
Now assume, for example, that a shaft wears down, we will say, at the stem, J in. It must 
be admitted that anything of the kind is very severe on the shaft. Would it not be possible to start 
the shaft J in. up out of line and let it wear down \ in., and then it would only be J in. out of line 
and it would not be strained so much. It would be very easy to do that. l)ecause we could l»re out 
the stem tube and put the bush in and let the bush be lx)red out a little eccentric, and jtushed uito 
ita place. On some locomotives, a frequent practice is to Ixire the crank pin, and j)ut a bolt 
through the hole. The object is that if the shaft breaks at the crank pin, the Iwlt holds it 
together for a certain time, and so avoids a serious accident. In propeller shafts, it is a veiy common 
plan to bore a big hole through them, perhaps nearly half the diameter of the shaft. We some- 
times hear of screw shafts breaking, of proijellera getting adrift, and fouling the rudder and carrj-ing 
it away. Now might it not be jwssible to make use of that hole through the shaft by putting a 
smaller shaft through it ? That inner shaft would not get fatigued when the other one does, on 
account of its smaller diameter, and it might, in case of a fracture of the outer shaft, possibly 
hold on and avoid a more serious accident. It would, at any rate, keep the parts together for the 
time l)eing. The hole is generally there in all large steamers, and, if it is a feasible scheme, it is 
a pity to throw away the opportunity of turning the hole to useful account. I should like to know 
from the author whether he considers that to be practicable, and whether it would offer any advantages 7 

Mr. Macfarlane (iRAY (Memlier of Council): I am sorry Mr. Manuel, of the P. and 0. Lin?, is 
no . here. Speaking to me on this subject a few days ago. he said that they had not had a shaft failure 
in all their large Heet smce 1881. Perhaps someone present can tell us how that excellent result 
has been obtained? 

Mr. Edwards (Member) ; I have, in some cases, had the shafts lined up as Mr. Yarrow su^ested 
above the true line, so that when they had worn slightly down, they then became true. Then, when 
we measure the wear, we know that the real amount the shaft is out of tinith is less than its appear- 
ance conveys. 

Mr. A. Scott YofNGEK, B.Sc. (Memljer) : At thia period of the evening. Gentlemen, I feel I 
shall best consult your wishes by making my re|)Ij' as brief aa jKissible. I am nmch indebted to 
Mr. Rounthwaite tor the remarks he made. Of course, the practice of running shafta without liners 
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13, as he stated, a very old one, although it is really only recently that we have begun to accu- 
mulate data on the subject. Mr. Bounthwaite seems to be rather afraid of the action of the oil on 
the rubber packing. There is no doubt that if oil does come in contact with the rubber, it is liable 
to set up a somewhat destructive action. Exactly what that action is, I do not think we have enough 
information to tell. I am now making some experiments with a view to getting data on the matter, 
but they are at present very incomplete, or I would be glad to give the results. So far as they have 
gone, it has been shown that different oils have widely different results in their action on rubber. 
Paraffin was foiind to be absolutely destructive. Rubber, when unmersed in paraffin, swelled up in the 
course of a few days to twice its size, and ultimately appeared almost to dissolve. The heavier 
oils, such as are used for lubrication, had not the same destructive effect. Any effect they have 
appears to be in the direction of swelling the rubber, so that, in the designs shown here, the action 
of the oil would tend, if anything, to make the joint tighter. In the event of the ship being docked 
and the tube being found damaged in any way by the action of the oil, it would be a very simple 
matter to fit a spare tube in its place. The cost of these tubes is verj' small ; they are much cheaper 
than many of the packings that are at present in use, and one or two spare ones would usually be 
carried. Mr. Bamaby, in his remarks, reported good results from oil lubrication. I know several 
steamers tliat have given very satisfactory results. Some, however, which were fitted with Cedervale's 
patent have only done well for a time. Others, again, have given extremely unsatisfactory results, 
and have led their owners into enormous expense. What the reason was, I have tried to indicate in 
my paper. It would appear t« be due to the elongation of the shaft gradually reducing the com- 
pression of the springs, and allowing the water to leak in and the oil to leak out of the after gland. 
Mr. Yarrow asked about more frequent inspection, and inquired whether it was always possible to infer 
from the examination whether a shaft was strained or not. That is an extremely difficult question 
to answer with any satisfaction. There is the case of the two steamers H and I referred to in the 
Table. These boats were sister ships, built about the same time, and their shafts were surveyed after 
being the same length of time at work. One shaft was passed, but broke before the next 3ur\ey 
came round ; the other appeared to be in a rather unsatisfactory- condition, and was condemned. From 
the fact that one of these shafts broke, I think it is likely that there may have been some defect 
that could not be seen. That rather bears out the Chairman's suggestion that there are defects 
existing in a shaft which it is not always possible to detect on uispection. I believe, however, that 
a more frequent examination would certainly tend to reduce the number of casualties, because the 
action which ultimately leads to the fracture of the shaft begins almost exactly at the end of the liners, 
and is usually distinct enough to enable the sur\-eyor to insert the point of his knife; it is almost 
like a fine saw-cut running right round the shaft. If the shaft is on the small side, this action 
begins soon after it has been put into regular work, and it extends verj' quickly. Mr. Edwards 
answered the Chairman's other point with regard to the advisability of starting operations with the 
after bearing high. The boat referred to in the paper, the s.s. Carlisle, was fitted with a shaft ^ in. 
high, BO that by the time it had worn down J in. it was exactly in line. One objection to running 
a shaft which is don'n at all, is the fact that when the engine is racing, tliere is a certain amount 
of whipping action in the shaft. This is bound to jar on the bearings and set up stresses in the 
material of the shaft, the effect of which is certain to be serious. The Chairman's other suggestion 
about having a hollow tail end shaft and a long bolt inserted in it is not altogether new. I think 
Lloyd's chief suiweyor in Glasgow, Mr. Mollison, has worked out that idea. I do not know whether 
he has patented it, but I have seen a design of his embodying the idea. Mr. Macfarlane Gray's 
referenc? to Mr. Manuel's experience hardly applies, I think, to the t\-pe of lx)at which is dealt with 
in this paper. The steamers which Mr. Manuel has under his charge are of such a kind that their 
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shafts are not likely to lie subjected to the ill-treatment which the ordinarj' cargo boat meets with 
daily. I fancy that their iiiiniunitv from breakdowns can be explained jmrtly in that way and 
partly by the fact that most of his steamers have large engines, with shafts hea\'y even in proportion 
to the engine. 

The CHAlRiiAN (Mr, A. F. Yarrow, Vice-President) : Gentlemen, I am sure you will wish to 
return your best thanks to the author for this very practical and interesting paper. 
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RECENT SCIENTIFIC DEVELOPMENTS AND THE EUTUEE OF NAVAL 
WAEFARE. 

By William Laibd Clowes, Esq., Associate. 

[Read at the Spring Meetings of the Forty-third Session of the Institution of Naval Architects, 
March 21, 1902 ; the Right Hon. the Earl of GLASGOW, G.C.M.G., LL.D., rresident, in the Ohair.] 



At a time like the present, which is one of extremely rapid scientific progress, it is 
especially incumbent upon us not to neglect, even for ii single unnecessary day, 
any device which may possibly enable us, either in peace or in war, to defeat our 
rivals by honourable means. Scientific discovery tends ever more and more to 
obliterate the significance of those physical and moral differences which anciently 
rendered one race superior to another ; brain and thought are already more potent 
factors in the world than mere muscles and animal courage. Moreover, v;e know from 
experience that to-day or to-morrow may witness a complete revolution of method in 
almost any of our processes. We ought, therefore, never to sleep, save, us it were, with 
our ears and eyes open. 

Yet, strange to say, the amount of practical attention which we give to new 
machinery and appliances is often, I am afraid, inversely proportionate to the novelty 
and ingenuity of the device in question. 

We are too prone, when examining new inventions, to admire the cleverness 
displayed in them, and then to reject them, wholly and finally, for one of two reasons, 
both of which are, in reality, quite inadequate. 

One reason frequently alleged is that the invention has yet to be brought to 
absolute perfection, and that, pending its complete evolution, we may safely neglect 
it. The other reason is that the machinery or apparatus is too delicate or complicated 
for use by the class of workmen who are accustomed to handle the appliances which 
the new apparatus would supersede. 

The evils resulting from such an attitude, which is characteristically a national 
one, are twofold. On the one hand we snub and starve the inventor, and possibly 
drive him elsewhere in disgust ; on the other, we make the far more dangerous mistake 
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of aBsnming that the tide of technical education will not rise elsewhere so long as we 
choose to batten it down in our own little hold. 

What we ought to do is, surely, in the one case to take up pronlising inventions, 
and, turning them over for development to the brightest intellects at our command, to 
enjoy the exclusive profits of them as soon as they are practically perfect ; and, 
in the other, to educate our men up to the point of being able to use delicate and 
complicated appliances, instead of rejecting the appliances because our existing men 
are incapable of handling them. 

It is absurd for us to say, as in practice we do : " Don't offer us any unfamiliar 
novelty that isn't approximately perfected ; and, above all, don't ofier us any perfected 
novelty that isn't approximately familiar." While we continue to follow that policy, 
we run risk of falling out of station with the rest of the world, and of not discovering 
our error of position until too late. 

It is mainly with the object of appealing for readier official interest in certain recent 
inventions, and for greater official anxiety to educate the workman up to the level of 
the tools already available, or about to become available, to his hand, that I venture to 
address you on " Some Becent Scientific Developments and the Future of Naval 
Warfare." 

These developments must inevitably influence naval warfare strategically as well 
as tactically, and it is hard to say in which direction the effects are likely to be the 
more important. 

Within the compass of little more than a lifetime, the practice of naval strategy 
has already been revolutionised by the introduction of steam and the electric telegraph. 
The principle of strategy, however, has suffered no change. It is very simple, and it 
may still, as in the days of Nelson, be thus formulated : — To have at the right spot, 
and at the right moment, a fighting force superior in personnel, as well as in 
maUriel, to the force of the enemy at the same time and place. But the practice is 
still changing rapidly, and, under the influence of recent invention, it must change 
still more. 

We have not yet realised to the full the strategical value of speed' as a factor in 
the successful carrying out of the fundamental object of strategy. Speed, in the present, 
is all that, and more than, the weather gage was in the past ; and, if we neglect it, we 
shall cripple the hands of our admirals, no matter how many ships and men we may 
place at their disposal. It is the soul of all effective combination for offence ; and I 

• Engineer, October 26, I'.WO ; Army and Navy Jonrnnl, November 10, IIHK) ; Scientific American, 
November 24, 1900 ; Journal of R.U.S.I., November, liHX) ; Morskoi Slornik, May, I'.KX) ; Mitlheilung, 
February, 1901 ; Steamship, March, 1901. 
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am not sure that it is not equally valuable as a means of defence against certain 
■weapons which at present cannot easily be otherwise avoided, to wit, submarines. 
The submarine, of which more anon, is essentially a slow craft, whether she travel on 
the surface or below it. A large ship can have no more secure protection against the 
submarine than the facf that she is in very rapid motion. A submarine must come to 
the surface to look about her ; and if her big enemy be seen to be changing position 
rapidly, the submarine can gather little information that is likely to be of use to her. 

And here I should like to say that our own preparations for attacking submarines 
with spar torpedoes,* fitted to torpedo boats or destroyers, are exciting the ridicule of 
those foreign nations which, from experience with them, know what submarines are 
like. We claim that our specially rigged spar torpedo can reach a submarine at 
a depth of 10 ft. below the surface. Commander W. W. Kimball, U.S.N. , says,t very 
justly: "Why a submarine should run at ten instead of thirty or forty feet does 
not appear ; nor does it appear how the destroyer could, when the submarine showed 
for a few seconds, head for her, and strike her with the spar torpedo before she attained 
a safe depth. While the battleship, protected by the destroyer, is the proper quarry 
of the submarine, there seems to be no law against sinking the destroyer in passing, if 
her presence were inconvenient." The truth seems to be that if the submarine can be 
reached at all by the spar torpedo, she can, at least in the vast majority of cases, be 
reached much more expeditiously and certainly by means of the gun ; though it may 
be desirable to mount guns in a special manner in order to deal with her. 

The offensive usefiUnesa of speed has, I believe, been doubled or trebled by recent 
improvements in wireless telegraphy.^ It looks as if every ship, large or small, in 
fature naval warfare might be, as it were, the mobile terminus of an unlimited 
number of aerial cables communicating not only with the base on shore, but also with 
all friendly ships within a radius of several hundreds of miles. 

It is true that last year, when wireless telegraphy was employed by one side during 
the naval manoeuvres, the system broke down, for the reason that the rival commander 
■was able to tap the messages, and did not use wireless telegraphy himself. But the 
breakdown on that occasion was due entirely to the manner in which wireless telegraphy 
was misused. The defeated commander might either have employed a code for the 
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sending of his messages, or have used some variety of wireless telegraphy which was 
not tapable. It is merely a question, on the one hand, of a special cypher, or, on the 
other, of special discharge terminals, coherers, and relays.* The possible variety is 
infinite ; and it is hardly conceivable that in war time the cypher of one side should be 
known to the other, or that both sides should use exactly similar instruments, similarly 
*' attuned." 

Given a good and untapable system of wireless telegraphy, utilisable over long 
distances at sea, naval strategy must, barring accidents, rapidly become almost an 
exact science. But it is desirable to have in reserve some alternative to the lofty spars 
which at present seem to be favoured by Mr. Marconi. They cannot be carried by any 
vessel in very heavy weather; and they cannot be carried by a small craft, such as a 
torpedo boat or a steam launch, in any weather at all. It ought to be possible to 
substitute for them, when necessary, kites, t such as, I believe, were successfully used 
by General Baden-Powell at Mafeking. These have much greater radial " command " 
than can be given to spars on board ship ; and they can be flown by craft of all sizes. 
Electrical kite-flying, and wireless telegraphy by that means, should form part of the 
ordinary routine of every ship of war. Nor must it be forgotten that there is yet much 
to be learnt with regard to kites, especially kites large enough to carry with them a 
small motor controllable from below. 

We have seen in South Africa that, assuming good intelligence to be at the 
disposal of a belligerent, the essence of effective practical strategy is extreme mobility 
— that is, extreme speed. I rejoice, therefore, though it is perhaps barely a 
straw to show which way the wind blows, that the Admiralty has decided to continue 
its experiments with turbine propellers in destroyers, and also to apply the turbine 
principle of propulsion to one comparatively large vessel, a third-class cruiser. I trust, 
too, that Whitehall has already devoted its attention to Mr. J. T. Marshall's new valve 
gear, for there can be no doubt that we must witness, within the next few years, an 
enormous increase in the speed of large fighting ships; and, then, woe betide the Power 
which lags behind its rivals in the matter of rapid mobility. It will see itself con- 
demned to forego strategy altogether in its naval combinations ; in other words, it 
will find itself confined to the local defensive. 

As regards tactical factors, what I have said as to our habitual attitude to new 
inventions applies more perhaps to them than to strategical factors. Take, for 
example, the question of range-findingj in action at sea. I was once in one of His 
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Majesty's ships in which a set of range-finding instruments was fitted experimentally. 
The appliances were rejected without undergoing a really fair trial. They were tried 
superficially by people who knew next to nolhing about them; and they were 
condemned, not, so far as I could ascertain, because they were ineffective, but because 
they were complicated, and could not, of course, be worked easily by the untrained 
intelligence which was available to handle them. Surely it would have been better to 
adopt the invention, which had been well tried abroad, or some superior one, and to 
train the necessary intelligence. 

In the meantime, how does our Navy hope to find the range in action ? It 
depends mainly upon being able to note the drop of tentative shots.* "Where two 
single ships are engaged, this method, though slow and unscientific, may possibly 
work; but when whole fleets are engaged, how can any human eye feel certain whence 
comes the particular shot the drop of which is noted. At Santiago it was found to be 
impossible to form any correct conclusions in that way. Now there are many 
excellent and almost perfect range-finders. I will mention only the Barr and Stroud, 
which is said to be responsible for the recent excellent shooting of the Terrible, f and 
the Zeiss stereoscopic, J each of which reduces the possibility of error to a minimum, 
though there are others almost equally good. For years we have been flirting 
with such inventions ; for years we have refrained from taking them to our arms, 
because of our fear that we do not sufficiently understand them. They ought to have 
been long ago in all our fighting ships. By this time we should then have learnt to 
understand them. Other nations have adopted them. What will happen if we fall 
into a conflict with one of those other nations ? 

Naval gunnery will also be greatly improved so soon as two or three com- 
paratively small problems which are now awaiting solution shall have been solved. 
Their solution ought not to be long delayed, if only the right kind of intellects can be 
persuaded to turn their attention to them. The great want of the day is, of course, an 
arrangement whereby it shall be possible to fire a projectile through moderately thick 
modern armour, and to burst it immediately in rear.g Another great want is some new 
method of igniting smokeless powders.;, These powders, especially when fired in 
relatively small guns, are, as their name implies, practically smokeless. But at present 
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the most convenient method of igniting them is found to be through the medium of an 
ignition charge of black powder of the old smoky kind. In small weapons, the ignition 
charge and the quantity of smoke produced by it are ineignifieant ; but in the case of 
heavy guns the ignition charge alone comprises about as much black powder as 
formerly would have sufficed for a couple of full charges for the old 64-pounder muzzle- 
loader; and, the volume of smoke thus produced being very considerable, the 
advantages of employing smokeless powder are to a large extent neutralised. 

A very noteworthy development of recent science, and one that cannot fail greatly 
to influence the tactics of future naval warfare. Is the modern submarine.' I am not 
a submarine enthusiast ; but it is impossible not to recognise that the extension of 
the open field of naval operations from a space of only two dimensions to one of three 
is too significant to be lightly regarded. The best existing submarine is very slow, 
very blind, of limited radius of action, and very liable to accident ; but it is vain utterly 
to deny the value — especially the moral value — of a craft which, without leaving your 
immediate vicinity, can move altogether out of your sphere of activity, and still, 
perhaps, deal you a fatal injury. It seems to me that the submarine, even if it be 
carried no farther than at present, means the doom of the old-fashioned blockade. 

But I am sure that the submarine will be carried very much further than at 
present, and that already we may see traced'out before us the lines along which it is 
destined to develop. 

The weakest points of the best existing submarines are : that they cannot see 
clearly unless they come to the surface to do so ; that they cannot be sure 
of maintaining a given course under water, even by utilising the Obry apparatus t ; 
and that the lives of the crews within them are exposed, especially in war time, to 
extreme risks. 

During the past three or four years numerous ingenious inventors have turned 
their attention to this subject,^ with a view to producing a vessel which shall be 
capable of moving at considerable speed beneath the surface of the water; which shall 
not need a human crew ; which shall not want to see whither it is bound ; which shall 
be controllable at every moment of its course ; which shall not expose those who work 
it to extraordinary risks ; and which shall be manageable from a distance without the 

" Steamship, April and May, IHOO ; U. S. &., May 19, 11)00 ; A. and N. Reg. October 13, 19(K> ; 
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intervention of wires or other visible connections. It is sought, in a word, to combine 
the useful features of the existing submarine, of the automobile torpedo, of the 
electrical countermining launch, and of the Brennan torpedo ; dispensing, at the 
same time, with material ties between the operator and the weapon, and securing a 
range which, though less than that of the submarine, shall be far greater than that of 
the countermining lamich, the Whitehead, or the Brennan. Some scores of patents 
bearing upon these projects have been issued to Messrs. Axel Orling and James 
Tarbotton Armstrong,* Arthur A. Govan, Cecil Varicasf , and Bradley A. Fiske, the last- 
named being the well-known American navai officer who is famous in connection with 
more than one range-finder, and with other inventions designed to influence the future 
of naval warfare. 

These gentlemen utilise various forms of energy in various ways ; and it is 
impossible here to go into details of their inventions. .It must suffice to say that, 
although no perfect form of vessel controllable by wireless currents — a form to which I 
have ventured to give the generic name of " Actinaut " — has yet been produced, more 
than enough has been accomplished to demonstrate that what it is sought to effect can 
and will be effected in the near future. Indeed, if it were possible to induce 
these rival inventors to combine and co-operate, and if it were possible to place 
at their disposal the knowledge and experience of half a dozen men such as Lord 
Kelvin, Sir Hiram Maxim, Mr. Brennan, and Mr. Marconi, I verily believe that you 
might have the perfected engine before you on this day next year. When that 
perfected engine is produced, it cannot fail to work something like a revolution in naval 
war&re. 

All these considerations bring me back again to one of the points from which I 
started. Our best available tools are rapidly getting beyond the effective control of 
our best available men ; and the real lesson of the situation undoubtedly is that, if we 
would properly utiUse all the resources which science has placed, and will presently 
place at our disposal, for the prosecution of naval wariare, we must greatly improve the 
scientific standard of the personnel. 

It is significant that Lord Charles Beresford, without committing himself to any 
expression of opinion as to the merits of certain types of water-tube boilers, has hinted 
his belief that many of the breakdowns of those boilers may possibly be attributable, 
not so much to defects inherent in the boilers, as to the incompetency of the working 
staff ; an incompetency due to lack of training and experience, and perhaps also to 
short-handedness. 
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The present Board of Admiralty is admittedly anxious to make the Naval service 
all that it should be ; nor does it resent friendly criticism. I would therefore ask their 
Lordships to reflect whether the present methods of dealing with the scientific 
problems and daily work of the Boyal Navy can possibly produce satisfactory results. 

There are two categories of scientific officers in the service — the engineers proper, 
and the specialist executive officers. The engineers are men with a relatively long, 
broad, and deep scientific and technical training. They are an expensive class, and at 
present, the Navy has confessedly failed to attract and retain the best examples of 
the class. 

The specialist executive officers are, so Mr. C. M. Johnson, R.N., has irreverently 
said,* " men who dabble in electricity, fiddle about with files and hammers, set up 
amateur lathes in their cabins, and imagine that they are making engineers of 
themselves." I do not associate myself with this description of a class of officers who, 
no matter what else may be said of them, are remarkably keen, and do their work 
astonishingly well, so far as the conditions permit. But the conditions do not permit 
much. A torpedo-lieutenant generally getfi about seventeen months of technical 
training in the course of his career. This is, naturally, not enough to make a well- 
equipped electrical engineer of even the most brilliant of men, still less is it enough 
to make of him a mechanical and hydraulic engineer as well. 

Nevertheless, with a view, I suppose, to economising expenses, and to restricting 
the total number of commissioned officers carried, the Admiralty has entrusted a great 
many purely engineering duties to specialist executives, and, in addition, has turned 
over the entire control of the engineering department in small ships to a 
warrant officer — an artificer-engineer. Not only is this officer of necessity a.man of 
limited education and experience, hut also he is now a man less experienced than his 
fellows formerly were ; for a lowering of the standard of quaUfication has recently been 
sanctioned. 

In the meantime, to assist the specialist executives, a class of ratings known as 
electrical fitters has been lately called into being. This is composed of men who have 
very little electrical knowledge at all. 

And BO we see that, whereas at one time all the engineering business of the ship 
was in the hands of properly qualified engineer officers, much of it is now entrusted to 
specialist execatives, much to warrant officers, and some to people admittedly possessed 
of hardly any scientific training at all. 

* Discosslon on ilr. D. B. Morison'a paper before N.E. Coast InBt. of EogineerB and Shipboildeis, 
February, 1902. 
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While, in short, the matdriel has been improving yearly, the personnel has been 
assuming more and more the character of a penny-wise-pound-fooHsh makeshift. 

This state of affairs must, I think, be remedied if we would profit fully by recent 
scientific deTelopments. The brightest scientific intelligences ought to be attracted 
to the Navy, and to be retained there when once they have been engaged ; and I see 
no reason why they should not be. We are now pajdng five shillings a day in Bouth 
Africa to soldiers — men whose necessary qualifications are little higher than those of 
unskilled labourers. It can hardly be doubted that a first-rate naval engineer officer, 
even if you have to pay him a thousand a year, is a much cheaper article than an 
Imperial Yeoman at <£91 5s. Moreover, while you can pick up the latter at any 
time, you can secure the former only if you engage and train him at a time when, 
as at present, you are sorely tempted to do without him, and to entrust his work to an 
amateur. 



DISCUSSION. 



Vice- Admiral 0. C. P. FttzGebald (Aasociate) : My Lord and Gentlemen, I have listened to this 
paper with a great deal of interest, as I am sure you all have, but, I must say, with no small amount 
of astonishment, because I venture to think it ia rather out of date. That may sound somewhat 
strange oa regards the nature of the paper, but it applies more particularly to the charge that We 
are not ready to take up inventions that are put before us. I think it is out of date in that respect. 
A quarter or perhaps half a century ago, when you and I, my Lord, had the honour of joining 
His Majesty's Navy, there was, no doubt, a ^.-erj' strong feeling against all inventions. Old sailors 
thought that they could work their ships with sails, and they did not want to be bothered with smoke- 
jacks, or modern innovations of any kind. I think that feeling is now dead, and that we are ready to 
take up everything of promise. I am answering for the Navy, because this paper is rather a charge 
against us personally, and I take it as rather a personal matter. I do not think you can expect us 
to take to our arms (as Mr. Laird Clowes says) the modem fad of every inventor that comes along 
with some novel idea to show us how to cat our anchors, or to lower or hoist our boats without danger. 
We are quite ready to look at and try anything which offers a fair prospect of success, and I do 
not think we can be properly accused of not douig so. We are quite ready to listen to civilians or 
to anybody else who gives us good advice, especially naval architects, and the progressive spirit which 
they have shown has done an enormous amount to help us. Now I have said that I think the 
aubject-matter of this paper is a little out of date, and the general remarks somewhat unfair to us, 
but, with your permission, I should just like to mention one or two points, because it is no use 
merely making general statements. I would rather like to know what the author means when be uses 
th e term " we " so very often in the second, third, fourth, and fifth paragraphs ? 

Mr. Laibd Clowes : The countrj' as a whole. 

Admiral FttzGebald : The countrj' generally, or the Navy, or the naval architects ? 

Mr. Laied Clowes: The country as a whole. 

Admiral FitzGerald : Mr. laird Clowes says " we snub and starve the inventor," AH I can 
aay is that we do not do so in the Navy, and I do not think naval architects do so. Then he 
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teWa us, a little further on, that " we have not yet realised to the full the strategical value 
of speed." That is news to me. Certainly, if anybody has, we have. Naval officers have always 
been wonying for speed at all hazards, and we certainly do realise its value to the full. This accusation 
does not apply to ub, whatever it inay do to the general public of England, though I do not think it 
matters much what they think of it. Again, he says that " speed is the soul of all effective 
combinations for offence." That, to me, sounds like a truism. Then he comes to the question of 
subm&rine boats. I do not know that I am prepared to believe in the spar torpedo, but we can let 
it off about ten feet imder water, and it m^ht give a au^arine a nasty shock if one was anywhere 
near ; but if Mr. Clowes can show us a new way of mounting a gun which can explode a good 
sized charge of gun-cotton more than ten or fifteen feet under water somewhere near the aulnnarine, 
we shall be very much obliged to him. Next, he telb us of a case where he was on board one of His 
Majesty's ships, and they gave the officers a range-finding apparatus which was fitted experimentally, 
and he says it was rejected without having a fair trial. That is his own personal experience. 
I do not, of course, deny that he saw it, but, at all events, it is not my experience. These range- 
finders are things I feel most strongly about, and I have always been trying to get something to 
find the range with. I know it is a matter of the highest importance. By a strange coincidence, 
I only came back from Glasgow on Monday, and I was talking to Professor Barr about this very thing, 
and I pointed out to him some of the reasons why the use of his range-finder was so very limited 
as not to be applicable in action. By another strange coincidence, I got a letter from my friend 
Captain Colville, who was making experiments (this is more or lees confidential) in Bermuda with 
the Scorpion, where the Crescent steamed up at fifteen knots with everything prepeired for war, and he 
has pointed out some technical difficulties which I mean to send on to Professor Barr, with a view 
to his receivmg information from a man who has been lately using the range-finder under war 
conditions, in order that he may perfect it and make it, if possible, more fit for use in our Navy. 
Now I will go to anotiier par^raph. Mr. Clowes says, " For several years we have been flirting 
with such inventions ; for years we have refrained from taking them to our arras, because of our 
fear that we do not sufficiently understand them." He says it would be all right if one could find 
the right kind of intellect to deal with them. I hope he will. I do not know where you are going 
to himt for them if you do not find them amongst the naval architects ! If we have the right kind 
of intellects, of course they will do it. Then we are informed that the submarine boat in its present 
development means the doom of the old-fashioned blockade. Well, really, the old-fashioned blockade 
was doomed quite a quarter of a century ago, when torpedo boats came out. Nobody has had the 
slightest notion of the old-fashioned blockade for twenty-five years, to my knowledge. Agam, there 
is one little point here which I do not think quite fair to naval officers ; in fact, it seems to me 
to be rather contradictory. Hesays, "Our best available tools are rapidly getting beyond the effective 
control of our best available men." That, at any rate, is a general indictment. And again : ° We 
must greatly improve the scientific standard of our jjersonnel." We are trying all we can, I think, 
to do that. Then, on page 178, the author quotes Mr. Johnson, although he says he does not 
endorse his opinion : "The specialist executive officers are men who dabble in electricity, fiddle about 
with files and hammers, set up amateur lathes in their cabins, and imagine that they are making 
engineers of themselves." He says that he does not endorse that. If so, why does he quote it ? 
It seems to me that one of his statements contradicts the other. In one place he finds fault with 
the specialist officers because they do not attend to these scientific and technical matters, and, 
in another place, if these young men show a special aptitude for this work, and dabble in electricity, 
and fiddle about with files and hammers and set up lathes in their cabins, they are condemned as 
tinkers — that is, when they are doing their best to do the thing which he accuses them of not 



y Google 



EECENT SCIENTIFIC DEVELOPMENTS AND THE FUTURE OP NAVAL WARFAKE. Igl 

doing. 1 should like jxist to make one remark about this last paragraph, because I think it is very 
amusing. " We are now paying five shillings a day in South Africa to soldiers," and then, a little 
lower down, he says that we are paying £91 58. a year to Imperial yeomen, and that an engineer 
ia really worth £1,000. Really, I do not see the relevance of that, or what on earth the South African 
War has to do with the subject. I have come to the conclusion that this very discursive but in- 
teresting paper does not throw any new light on the subjects dealt with, nor do I believe it will 
increase or quicken the interest which naval architects take in naval science. It is, as I said, an 
amusing and interesting paper, but I thought it well that a naval officer should point out that we 
are not quite so guilty of neglect of modem inventions as this paper might lead you to believe. 

Rear-Admiral W. H. Henderson (Associate) : My Lord, I beg to acknowledge the fairness and, 
in many respects, the justness of the lecturer's criticisms, but he must remember that our intelligence 
in the service is a reflex of that of the nation ; the percentage above or below the average intelli- 
gence is not leas than that of any other class or profession. If our education is not what it ought 
to be, the Service, like the rest of us, feels the effect of our national education being behind the times. 
With regard to submarines, I ^ree that the spar torpedo is a cimibersome, crude, and old-fashioned 
weapon to attempt to meet them with. An illustration of this may be taken from the " punt 
hunts," which are a feature of the regattas round our coasts, where a six-oared galley is pitted 
gainst one man in a duck punt, who never need be caught. I do not suggest that the submarine 
is as mobile as the punt, but the destroyer is less so than the galley, and I do not thmk that it will 
ever, except by accident, get within striking distance. Besides, ^ips must have some means of 
defence, and I have always considered that high angle Are from a mortar or howitzer, using high 
explosives, and a shell fitted with under-water time fuses, offers much greater practicable results 
both for offence and defence. As to the submarines themselves, there is, on the other hemd, the danger 
of our not recognising their limitations, and being carried away by enthusiasts, as we were in the 
days of the torpedo-boat mania. Wireless telegraphy has now introduced a new factor. It is not, perhaps, 
too far fetched an idea, to imagine that within a restricted area, such as the Mediterranean, the 
Commander-in-Chief may some day direct the operations of his squadrons from a fixed base such as 
Malta, or Gibraltar, leaving tactics to his specially selected tactical commanders, for in this matter 
differentiation is required. We are quite alive to the development of wireless telegraphy, and quite 
in the front rank of experiment. Range-finders are of a different order, and there is truth in the 
author's criticisms, but there are many difficulties. I think, however, that every large ship is now fitted 
with thran. The only other point I wish to notice is that of the engineers. My opinion is that we 
must never separate officers or men from the material with which they have to fight and work. 
We must not only understand' the manipulation of the guns, torpedoes, and whatever weapons or 
appliances we have to deal with, but we must leam to refit, repair, and maintain them ; there 
is no want of intelligence if only it is trained for the purpose. We have carried specialisation in 
these matters far enough already, and I hold that it would be a great mistake to specialise these 
functions in one particular class. We must, as we progress, teach our people to become more and 
more mechanics : it is only what is taking place on shore ; the development of the motor car, 
tor instance, means that our grooms and our coachmen will be gradually turned into mechanics. 
We must expect these changes, and be prepared to meet them, and I maintain that there is no want 
of intelligence for the purpose within the Service, if only it is properly led, encour^ed, and trained. 

Mr. W. H. WnrnNU (Member): My Lord and Gentlemen, in spite of the criticisms of Admiral 
FitzGerald, it seems to me that of all the papers which will be printed in this year's Transactions, 
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tbis one baa tbe greatest and moat general public interest. It is well to recollect wbat it is that 
has made this interest possible. During tbe last fifteen years, there has occurred something very like 
a revolution in tbe state of public knowledge concerning naval affairs, both as to principles and 
as to facts. Captain Mahan has given us those memorable statements of the great principles under- 
lying and governing all naval warfare, and of their exemplification in history ; and, on this side 
of the water, Lord Brassey and the able men who have followed him, have spared neither time nor 
strength in laboriously accumulating those facts which are now at the disposal of everj'body who carea 
to read them. These laboura have alone made possible tbe very existence of an intelligent public 
interest in naval affairs, and in this work Mr. Laird Clowes baa played no inconspicuoua part. 
For that, if for no other reason, his paper is entitled to our careful consideration. But it has a 
greater claim than that. He brings before us a question, which ia one of the most mteresting — 
because one of tbe most practical — which could be submitted for discussion. I say "a" question, 
because, although, as Admiral FitzGerald baa amusingly said, tbe paper is rather discursive — indeed, 
if it baa a fault, it is, not that it is uninteresting, but that it is positively seductive — yet there ia 
one main question which underlies it all, namely, what is the attitude which everybody connected 
with tbe Navy, in however humble a capacity, ought to hold towards modem scientific develop- 
ment. That, I take it, is the main question which Mr. Laird Clowes raises, and by itself, my 
Lord, it is amply sufficient for a morning's discussion. Mr. Laird Clowes makes no secret of wbat 
are his own opinions on this matter. He saj^ that we are displaying all our old national faults, 
that we are rejecting inventions, discouraging inventors, and having nothing to do with any of 
their projects unless they are fully worked out when they are presented to us. (In discussing 
this subject, I ought to make clear that I am speaking entirely for myself as an individual naval 
constructor.) He says, further, that, to make assurance of failure doubly certain, we neglect to train 
men who are capable of appreciating or of handling these appliances. He adds that if we persist 
in this course, we shall be left behind. These are good, wholesale charges, and he points nut to 
us a more excellent way. He says that we ought, on the one hand, to seareh diligently tor 
tbe moat promising inventions; and, secondly, that we should devote tbe most brilliant intellecte 
at tbe disposal of the Navy to bringing these inventions to perfection. The results should then be 
appropriated for our exclusive benefit. In a general way, my Lord, we all agree with that. The 
difference of opinion comes in when we proceed to details. In a general way, too, we may say 
that this course is followed alreadj-. There are many inventions which, aa must be perfectly well 
known to most of us here, have been materially modified since their first introduction into tbe 
Service. Such, for example, are the Whitehead torpedo and the submerged torpedo dischai^. And 
those of us who have been engaged for years in perfecting these inventions, even if we cannot take 
to ourselves those happy words of Mr. Laird Clowes about the most Iwilliant intellecte, we can at 
least say that these inventions have been made fit for practical Tise, and that when these 
results were obtained, they were appropriated for many years to the exclusive benefit of the 
Service. But the author proposes to go a good deal further than that. He proposes to take 
wbat one may call immature inventions, and to proceed with their development on something 
like a wholesale scale. There, I think, he lays himself open to three lines of criticism. Tbe 
first is that he assumes, it seems to me, that such work constitutes tbe most profiteble occupation 
for the brilliant intellecte at our disposal. I think it is quite open to doubt — I put it only as 
a suggestion — whether the most capable naval designers would not be better employed in ship design 
proper, and tbe ablest naval officers in teaming how to handle, even more efficiently than at present, 
tbe appliances already at their disposal. In the second place, he touches on what is still more doubtful 
ground when he suggeste that on those two factors — the perfection and elaboration of our inechtinical 
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appliances, and the scientific knowledge of the men who are to use them — will mainly depend the 
reauha of the next great naval war. History, my Lord, affords no adequate aupport for that contention. 
It certainly does not hold good for Trafalgar and Lisaa, and I very much doubt whether Mr. Laird 
Clowes could argue fairly for 3uch a contention from Santiago and the Yalu. I believe that in 
none of those cases could that argument be fairly urged. What could undoubtedly be said ia that 
if, in the last two battles, the crews had been exchanged, the result might have been sensibly modified, 
and I do not think that mechanical appliances were the chief factor in bringing about the actual 
results. But, ray Lord, the third and the most serious point on which I dififer from the 
author is that he seems to think it is positively a desirable thing in itself to increase, almost 
indefinitely, the number and complexity of the mechanical appliances which we find in our ships 
to-day. There, I think, he is entering on very dangerous ground. There would be, in ray judgment, 
speaking simply as a naval constructor, hardly less risk if we went entirely in the opposite 
direction, and tried to sweep out this complexity altogether. We need to remember, that, in the 
opinion of many men, it is Ijeyond the power of a single officer to control effectively the enormoua 
offensive power concentrated in one ship ; and if that is time to-day, how much more will it be true 
if we proceed still further in the direction which Mr. Laird Clowes indicates. The result will be, 
not merely to overwhelm the commander, but to a very large extent to cripple the ship. The 
interesting discussion we had the other morning on torpedo boat destroyers is entirely relevant to this 
question. It was pointed out quite clearly, that you have only to improve here a little and there a 
little, and, before you know where you are, you wipe the t)T»e out of existence altogether. Now, 
what is true about destroyers is true, allowing for differences in type, for every class of His Majesty's 
ships. You have only to add improvements here and improvemenb) there in sufficient number, 
and you destroy the practicability of the type: while gaining locally, you have taken from it some 
of its primary chai-acteristics. I often wish we could have a great object lesson ; that we could take 
one of these big ships, and that there might be seen going on board at one end of her a long procession 
of the elaborate appliances ; of the improvements of infinite complexity ; of the duplicated and 
reduplicated fittings; of the provisions against minor and subordinate and remote risks; of all 
those things which are intended to get the very last one pei' cent, of efficiency out of every portion 
of the ship and her equipment; and that there might be seen going on shore, from the other 
end, a procession of 6 in. guns. I believe that such an object-lesson would be more instructive 
than many u discussion. My Lord, I have been a silent member of this Institution for nearly twenty 
years, and I fear that I have committed the usual fault of a lieginner, and have spoken too fully and 
perhaps too frankly : but we have reached, it seems to me, no ordinary point. At the close of a long 
and memorable period of na^'al construction, and at the opening of another, we stand, in a sense, at the 
parting of the ways. What the future of naval design will be, no man can tell. But this, at 
any rate, is certain, that it will be profoundly influenced by the general body of naval opinion, and 
that this, in its turn, will be largely built up by the writings of such men as Mr. I^ird Clowes, 
and those who labour with him. We all have the same object at heartr— the success of the Navy — 
but we naturally look at it from different points of view. Mr. Laird Clowes desires, as it seems to 
me, more and more elaboration and complexity. I plead, my Lord, to-day, for more simplicity. I 
do so, not merely on financial grounds — those grounds which have been laid before this Institution 
so often and so ably by my friend, Professor Biles — although those considerations go to the very bottom 
of things in this connection. I appeal to you on grounds which are common to \is all, common to 
Mr. Laird Clowes, to naval officers, and to myself, namely, that we all desire to get the maximum 
power into the individual ship. For that end, it ia essential that we should strive our very utmost 
after greater economy of .idea, greater directness of aim, and greater simplicity of detail design. In 
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that path, and that path only, I am convinced, does safety lie ; and if this morning's discussion should 
tend, in however small a degree, to influence the great body of naval opinion in that direction, Hr. 
Laird Clowes will have added one more to his list of public services. 

Admiral Sir John Hopicms, G.C.B. (Associate) : My Lord, I should like to touch on a few points 
of this paper with regard to which, I think, attention has not been fully drawn. To begm with, 
I am of opinion that the paper is a very good one for discussion. We want papers of this kmd put 
before us occasionally, because they make us think, and that is what we must be doing. I do not 
agree with Mr. Whiting that we are going to stop short at certain developments. There, I think, 
he is all adrift. Development is bound to go on, and what we see nowadays is that development 
is attaining such a position that without it we are nowhere. Now what is the whole history 
of our naval construction, to take that point first ? It is detelopment — development in every sense 
and on every point. 1 will give you a very simple instance of that. Apparently, Mr. Whiting 
does not like all these mechanical appliances. There was a certain case, of which I am cognisant, 
in which a naval officer came forward and said, "I do not get my 6 in. shot up to my 6 in. gun 
nearly as quickly as I can fire them away." He was told " You must put a pile of shot behind the 
gun, and then you can have them ready when you want them." "But," he said, " when my 
pile of shot is gone, what then ? " Here, in fact, development was essential, the human element 
not being equal to passing up shot at the rate at which it was wanted, and this could only be done by 
machinery. Now see the result of development. An electric appliance was arranged by which, 
where one shot could be passed up by human labour, six could be passed up by this mechanical 
appliance. Opponents said, "This electrical arrangement will break down in war time, and 
then what will be your position ? " My friend replied, " We should fall back on the human being ; 
but he is only one-sixth as good as electricity, while it lasts." And that is true of all mechanical 
appliances. Of course, they are not so simple as the human element. I am old enough, and my 
noble friend, the Chairman, is old enough, to remember the time when all these old guns were 
worked with handspikes. No doubt it was a fine order of lever in those days ; we were told that it 
was a lever of the first class. But how about the handspike now — where has it gone ? It has gone 
where a good many other things which are out of date have gone, and if we do not live up 
to date in all our mechanical appliances, with due respect to Mr. Whiting, we shall go imder as 
well. But that is by the way. I did not intend to begin in that way on a side issue. Mr. Laird 
Clowes very naturally says that we ought to take up promising inventions and develop them with 
the brightest intellects that we have at our command. I think we all feel that there are so many 
inventors knocking about, that if you took up all their " promising inventions " — from their point 
of' view — you would have no time left for anything else. I have had a good deal to do with 
inventions in my time at the Admiralty, and Mr. Whiting and Mr. Swan and everybody else will 
tell you that if your door was open for inventors all day long, you would have nothing else to 
do but to develop their promising inventions. There was a curious case, when I was at the 
Admiralty, about the Brennan torpedo that looked promising, and was. Now what happened? It 
was taken up by the War Office, and, before anything was made of it, it cost the country £30,000. 
Then there was a committee meeting at the War Office to know if they should drop the Brennan, the 
secret of which, they admitted, must get out sooner or later, and drop also their £30,000- Their Ime 
of argument was : we have spent £30,000, and we may as well spend £100,000 and go on with the 
thing, otherwise we shall lose the money that has been spent already. Of course, there is a certain 
amount of sense in that. That was a caae of taking up a thing before it was fully developed and 
work^ out, and practically, because our own people had worked it out, they did not like to drop the 
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mouey they had apent upon it. Mr. Laird Clowes says, " We have not yet realised to the full the 
strategical value of speed." He cannot lay that charge against me, because in season and out of season 
I have advocated speed. Nearly two years ago I read a paper at the United Service Institution on 
the slowness of speed in our second-class cruisers. As I have said before at this Institution, we 
have stood still in that direction for ten yeara. Sir William White's genius was handicapped by 
sickness or opposition, and he could not tackle it, though I give hini the credit of being able 
to do so, but at all times, and in common with a great many naval officers, I have gone in for 
development of speed. A cruiser is no good without speed, and, in a battleship, with speed you 
command the situation. Lord Charles Beresford the other day told us that Sir Gerard Noel — he did 
not mention the name, but we all knew who it was — lost that battle in the Channel because he was 
not a strategist ; but we know he lost it simply because he had inferior speed to his opponent, 
whom he was running after and could not catch, A man with superior speed chooses his own 
distance and his own formation, and can annihilate you piece-meal as you come up. That is what 
speed does for you. It had nothing to do, on the occasion mentioned, with tactical diill at all. I 
do not know about our preparation for attacking submarines. I have had nothing to do with spar 
torpedoes lately, but I do not think the submarine will be reached with a gnn. I am with Admiral 
FitzGerald there, as we have never yet found a gun that carries two feet rmder water. Now we 
come to the Barr and Stroud range-finder. As you all know, we have been hammering away at that 
for years, and we have not got it perfect yet, by a long way. I do not suppose Mr. Stroud has 
got it perfect to his own satisfaction. There is an amusing story about that. There was a little 
midshipman out in China, and be was conducting a party of ladies round his ship. They came to 
the Barr and Stroud range-finder, and they said, "What is that, little officer?" "They call that 
the peace of God, for it passeth all understanding," he said ; but we have all had a lot of it, 
and we can now find r^ges to any extent. In fact, there is now a perfect knowledge of it. Then 
you come to the Barr and Stroud limitation, and to our friend Captain Percy Scott, who might 
have made use of it, but it was not good enough for him. Here was a man who had got gunnery 
to such a pitch that what he wanted was to hit the centre of the bull's-eye at 2,000 yards, yet with 
the Barr and Stroud range-fijider you are allowed three per cent, of error, and that at 2,000 yards, 
if my figures are right, is sixty yards. Do you think that would do for Captain Percy Scott? Not 
a bit of it. He was the man who invented a thing called a dotter, by which every shot which was 
aimed along the barrel of the gun was dotted on a target, and he knew exactly what his jjeople were 
about. Then again, he trained his people to the use of the telescope. We all know how difficult 
it is, with any motion on a ship at sea, to fix an object in the field of the telescope. But what Captain 
Scott did was to educate his men to use the telescope in the same way as you use your fowling-piece 
against a flying object, and in process of time, the men became so educated that there was nothing 
that they could not get in the field of the telescope and keep it there. That was the explanation of 
all his good shooting — it was the dotter ; and when the telescope was fitted, it enabled him to 
get a bull's-eye at a 2,000 yards target, when the Barr and Stroud range-finder would be out of it. I 
am not saying anything against the range-finder, because we are not all Captain Scotta, and no 
doubt the range-finder serves a useful purpose. The Barr and Stroud range-finder is also fitted on nearly 
everj' fort in England, so that you cannot say that it is not generally used. Then again, Mr. Laird 
Clowes says : — " Naval gunnery will also be greatly improved so soon as two or three comparatively 
small problems which are now awaiting solution shall have been solved. Their solution ought not 
to be long delayed, if only the right kind of intellects can be persuaded to tiuTi their attention 
to them. The great want of the day is, of courae, an arrangement whereby it shall be possible to 
fire a projectile through moderately thick modem armour, and to burst it immediately in rear." Well, 
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the author will be gltid to liear that this }uis l>eeii done. I l>eHeve it is a fact that when the 
9'2 gun waa fired (it ia an ojien secret or I should not have heard it) at the Belleisle the other day. tlie 
armour-piercing projectile jjenetrated six inches of Krupp armour (or, at any rate, hardened annoiir) 
and burst inside. On p. 175 he s:iys ; — "Another great want b some new method of igniting sniokf- 
leaa powders. These jtowdera, es|)ecially when fired hi relatively small guns, are, as their name implies, 
practically smokeless. But at pi'esent, the most convenient method of igniting them is found to 
be through the medium of an ignition charge of black powder of the old smoky kind. In small 
weapons, the ignition charge and the quantity of smoke produced by it, are insignificant ; but in the 
case of heavy guns, the ignition charge alone comprises alwut as much black powder as formerly 
would have sufficed for a couple of full charges for the old (t4-j)ounder muzzle-loadei." I do imt 
want to criticise this jMiper unduly, because it is an excellent ita[>er, and, as i said, makes us all 
think, but where Mr. Laird Clowes has got that from, I do not kntiw. The full cliarge of an old tJ4- 
pounder was, it my gunner}- recollection is right, 1(1 il»., and latterly 8 lbs. Youmultij)ly the hitter 
by 2, and that is 16 IIjs. Now, it requires only alx)ut 12 07,. to ignite the chaise in a 13i 
inch gun — tliat is, u t>!*-ton gun ; so where the 10 lbs. come from, I don't know, Tlien, again, oil 
p. 176, the author says : " It seems to me that the submarine, even if it be carried no further than at 
present, means the doom of the old-fashioned blockade.'' As Admiral FitzGerald remarked, that hasljeeii 
doomed yeara and yeare ago. No man in his senses would attempt to blockade a port : it is out 
of the question. What you have to do is to watch a iiort with a vessel so fast that, when a 23-knot 
well-protected cruiser comes out, you can quietly run away from it and tell the admiral that 
it has come out. But jjorts must !» watched, and no blockades are possible. I do not think it is 
my business as a naval ofKcer to say whether if is possible for rival inventors to combine 
and co-oi)erate, but, gentlemen, I should rather like to see Lord Kelvin, Sir Hiram Maxim. Mr. 
Brennan, and Mr. Mai-coni agree on any one subject when they all met together I I think tliat is 
where the difficulty comes in, and tlwit is where the difficulty with experts lies. One gets up and 
aays this, that, and the otlier is quite right ; the next man you come to says it is all wrong, whilst 
somebody else won't agree with either ! Then Mr. Ijiii-d Clowes goes on : — " It ia significant that 
Lord Charles Beresfoi-d, without committing himself," &e. There is no doubt that the breakdowns 
in many of those Iwilers were attributable to their Ijeing n<i\elties in the hands of jieople who had no 
ex|)erience with them, but so it must he with e\erything. Vou have to feel that all your men miist lie 
trained to the use of whateier is put into their hands, whether it lie a lx>iler, or an enguie, or a iiit of 
mechanism connected with electricity or anything else. We know, in our own case, that if you 
give a man a new rifle and send him down to the butts, where there is a good deal of coniplicatiou 
in sighting and so on, he will not understand how to get the Ijest out of the weapon till he has 
had a few dozen or a few hundred shots. That is true of everj-thing. and we must not shut our 
eyes to the fact — I do not think the naval officer has shut his eyes to the fact — that the taking 
up of anything new is a matter of careful handling and suitable e-\perience until one knows what 
he is playing with. Tlie modern bluejacket, and the naval ofKcers as well, are equal to 
auythijig you can demand of them, and you do not hear of anvbody returning from one of the big 
ships, if he has Ijeen a good deal mixed up with naval officers there, without hearing that fheir 
intelligence is equal to anything. Another complaint in tbispajier is that something has been taken away 
from the engineer and given to the naval officer. That, I think, is a very good thing. Tlie enguieer. 
in his own particular line, stands alone : he is a trained meehanic ; he is a skilled engine-driver: lie 
has a thousand and one little points of education which the ordinary naval officer does not get, and which 
put him, in his own field, above the naval officer; but when you get a scientifically inclined naval 
officer to work at a thing, you will find that he is just as capable of taking up a big question as aii 
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^iifiiueei'. Now I will put that in a 8inij)Ier way. Look at our guii-])roducing factories. Take 
KIswick : Tliei'e is a certain naial oiHeer there who is one of the moving spirits iu all inventions. 
Tiike A'ickers, who have done so much latterly in producing good gunners' weapons and mountings. 
Who does a large portion of that? A na\al officer. If you believe Mr. Laiitl Clowes, the engineer 
would do it a good deal letter, hut, on the other hand, we see these gi-eat finns taking the naval 
officer to their assistance and appi-eciating his talents. I have said enough, and i am afraid I must 
have wearied you. hut I think I express the naval opinion, when I miy that eveiybody is glad of 
criticism fi-oni any quarter, whether it is well founded or whetlier it is weak, so long as it gives us 
something to think of and discuss; and, in the future, if criticism enables us to stand on a sound 
foundation, so much the lietter for all of us. 

Admiral the Hon. Sir Edwakd t'REMAN'ixv:, (i.l'.B., C.M.ti. (Associate): I am afraid, my Lord 
Olasgow. that we shall have had rather too many naval oftieera, but this is essentially a naval officer's 
pai>er. It is one which ajji^als to the naval officer most directly, and I must say it is one in which 
I, jiersoiially, feel veiy deeply interested. Now I will iK-gin with a little criticism, in which I must, 
to a {Treat extent, agree with my friend .Admiral FitztSei-ald. I am afraid my friend Mr. Laird Clowes, 
whom I used to know very well a good many years ago, is scarcely u|>to-date. He has, unfortunately, 
not l)eeii in a position fo go on Ijoaitl men-of-war ivcently, I believe, and I think vou can hardly keep 
uji your knowledge, at all events in an exact manner, by simjjly reading, although you read everj'- 
thiiig that is printed., You must also convei-se with the men who are doing the work, and you must 
go on board the shi|»s where the work is being done. The illusti'ations given by Sir John Hopkins 
jw to what is being done by Captain Percy Scott are cases in point. Obviously, if jou start from 
what lias been done, or the ]K>sition which was tid^en up, by the Admiralty, or by naval officers, 
fifteen years ago, and then apply it to the jKwition which they are supixtsed to have taken up to-day, 
you are likely to make u mistake. Now, having said that, 1 am still very much in agreement with 
Ifr. Laird Clowes on the subject of his pajier generally. It is an extremely useful thing to make us 
t^tnA',asSir John Hopkins said, and I quite agree with the author that we are not generally alive enough 
to new inventions, although certjiinly at the present (Liy, and very recently, we Iiave Ijeen far more 
alive to them tlian we used to lie some years ag(). The very ilhistration which was used Iw Sir 
John Hopkins with reference to the 8U]»ply of ammunition to quick-firing guns, and its now l)eing done 
by electricity, is a case in point. Tliat is true, but we were about the last maritime nation who took 
tosujiplyiug the gims with ammunition by electi-icity, and certainly, as far as I know, weAvere very much 
Ijehind se\erftl of the great maritime nations in that resjiect. We liave often heard that the Admiralty 
are very hard-worked, and that their daily I'outine is really too heavy for them. That is perfectly 
true. We all know that the Board of Admiralty — the present Board, most decidedly — are very hard- 
workuig and able men, and they give their whole energy and their whole ability to the problems 
before them. The daily problems are ven- great and veiT numerous. This question of inventions is a 
very hirge one. As Sir John Hopkins said, there are a great numljer of inventors who all have invaluable 
recijiea, and their Ijelief is such, that if their invention was adopted they would do wonderful things. 
But, naturally, what hap|)ens is. that some defect is |H)inted out in it ; it is shown that it is not 
so jterfect as the Inventor declares it to lie, and a busy man throws it aside and says, " I will have 
nothing further to do with it.'' Tlie right thing to i]o in many cases is to develop the invention, 
and I suggest we should have a conmiittee on inventions. Everything is lieing done by committees 
now, and it is quite right that it should be. I am satisfied that if we had committees on various 
subjecttt, constantly sitting — subjects connected with the develoi»ment of the Navy — they would be 
found to l)e extremelv useful. We all know that we haw an '.Ordnance Select t>»mmittee which we 
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uaed not to have. It has now become part of our routine, part of our constitution, and I am quite 
sure that neither the most extreme Radical nor the most extreme Conservative would ever think of 
abolishing it now. Why should not we have other permanent committees, and among them a committee 
on inventions ? I should not have spoken at all, but for this question of speed having been distinctly 
alluded to by Mr. Labtl Clowes. I had the pleasure, some years ago, to read a paper at the United 
Service Institution on this very subject. It was called "Speed as a Factor in Naval Warfare," and 
I wished to point out to naval officers, that whereas we could adopt, and ought to adopt and adhere 
to, Nelson's general principle, we could make a combination of which he could not have dreamt, 
because of the uneertahity of the elements and the uncertainty of his motive power. Now, on this 
point there was a reference made to Lord diaries Beresford's speech on the question of the 
manoeuvres in the Channel last j'ear. I recollect writing to one of the Lords of the Admiralty, when 
first the rules were published with reference to those manoeuvres, and what I said to him was thia:— 
" I do not know what the Admiralty intend to prove, but at all events I know what they will 
prove, which is that a slow fleet can do really nothing ^^inst a faster and more homogeneous one " ; 
and that is exactly what took place. I ^■enture to think, if that was a surprise to anybody, that it 
was not a surprise to our friend Sir Gerard Noel, because he abo, I think, had foreseen that. 
Some people do not seem, even now, to appreciate the fact that that was the real question, and the whole 
question. Unless the officer in command of the more homogeneouB fleet had lost hia head altogether, 
and had not made use of the power placed at his disposal, he could not but succeed, and, riee 
versa, the other man was practically bound to fail to make a good defence against a fleet which 
was so very much superior. Now I will pass to the question of submarines, and I can only say that 
1 believe they will be proved to have their limitations. I cannot but recollect that when torpedo 
boats first came into general use, the French declared that they were perfect in alt respects— that 
they could keep the sea in all weathers, and that they could always accompany battleships. We 
found later that they had distinct lunitations. Now I should like to make one or two remarks on 
the question of engineers, and I cannot but regret that Mr. Laird Clowes has quoted Mr. Johnson. 
I must confess that Mr. Johnson is somewhat of a bete noire to me, because he has published 
several things in which he has assumed as facts things which are entirely in dispute, and lie 
distinctly accused the admirals and the executive officers of being so hostile to the engineers, that 
they would rather let their ships be inefficient, and fail to maintain their speed, or fail to steam 
at all, than do any justice to that very ill-used class, according to his opinion. I confess I think he 
is rather out of court. With regard to the remarks made by Mr. Laird Clowes about the change 
which the Admiralty have recently made, I think it was a very wise change. I think we should, 
most of us, agree with President Roosevelt, who was at one time Secretarj' of the United States Navy. 
In a remarkable and, as I think, convincing report, he made use of this phrase : " In future, eiery 
naval officer must be a fighting engineer." Now, I believe, that is the goal which we must aim at, 
and I believe that the engineers will assimilate themselves more to the present naval officers, and 
the present naval officer more and more to the engineer. It is a matter of time. I do not approve 
of attempting to do wholesale what the Americans did, viz., amalgamate the two classes, but 
I do say that we ought to teach the naval officer much more scientifically. I agree with the author 
when he sajra that the scientific standard of our personnel should be very much advanced. Most 
decidedly it should be ; but I would also remark, in connection with what has been said about the 
engineers, that we look upon them as an extremely valuable body of men. Many of them aw 
personal friends of my own, and I have never had the slightest difficulty m dealing with the 
engineers. As regards their education at Plymouth — and I was some time at Plymouth, and 
had to look into the question of the Engineering College at Keyham — I must say, it struck me that 
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their education was rather too technical, that is to say, they were almost too much mechanics. I speak 
under correction, and perhaps many engineers here, civil and others, will not agree with me, but 
it did seem to me that if we could have pushed their general education a little at the same time, it 
would have been an advantage. I recollect there was no question of teaching naval hiatory at all. 
They spent six years in the College, but, except mathematics and their mechanical training, there was 
nothing else learnt ; they said there was no time for anything else. That is open to question. At all 
events, if the engineers are to take their proper place, and to take as high a position as they aim at, and 
as I should like to see them reach, I think they ought to have a little more general education, just in 
the same way as we ought to have a distmctly higher scientific education amongst the present 
naval ofl&cers. (Jentlemen, I have detained you long enough, and I only wish to remark in conclusion, 
that I regret that Mr. Laird Clowes has said — and I think it is almost a lil)el on the Admiralty to 
aay so — that " the personnel has been assuming more and more the cliaracter of a pemiy-wise-pound- 
foolish makeshift." I do not know whether we are a penny wise and pound foolish makeshift, but 
I think that the present naval officers are endeavouring to learn all they can. Much may be faulty 
in the system under which they are educated ; much might be added to it from a scientific point 
of view, but the steps which the Admiralty have recently taken, in giving over to the torpedo and 
gunnery officers those parts of the engineering work which are directly connected with the material 
with which they have to deal, are steps in the right direction, and I hope they will be carried further, 
and, if 80, it will not be to the detriment of the engineer officers. 

Professor J. H. BiLES (Member of Council) : My Lord and Gentlemen, in this verj- interesting 
paper there is one thing that we naval architects may congratulate ouraelves upon, namely, that in the 
sweeping criticisms that are made, we have been pretty much left alone. Those Members of the Council 
who took upon themselves the responsibility of allowing this ^laper to come forward must, I 
think, have had in view the fact that we should look on pretty much as spectators in an arena in which 
the naval officer would be quite able to take care of himself, and protect himself from the writer's 
attacks. On the one side, we see that Mr. Ijaird Clowes charges the naval officer with not wanting 
BO many things as he ought to want, and with not making use of some of the things that have been 
given him, even in spite of his not wanting them ; while the naval architect, on the other hand, is verj- 
much disposed to charge the naval officer with wanting far too many things. The truth probably lies 
somewhere between the two. I think Sir John Hopkins did not, perhaps, quite understand Mr. Whiting 
in the very strong appeal that he made to naval officers for simplicity of idea. We all want simplicity 
of idea if we can possibly get it, but we want a great many ideas carried out, and it is not so much 
that each individual idea in itself becomes complicated, as that the naval officer wants so many ideas 
carried out. I think what Mr. Whiting had in view, and what naval arahitects generally have in 
view, is not so much objecting to the adoption of improved practical appliances, as the duplication, 
triplication, and quadruplication. of the many appliances that are put into a ship. When a naval con- 
structor of Mr. Whiting's standing and experience comes to this Institution and deliberately saj^ that 
there are a great many things— a long proceasion of them, I think he said — which might vei^- well 
be displaced to the advantage of the armament, the subject should, I think, be seriously considered from 
that point of view. I am sure the Institution has listened with a great deal of pleasure to Mr. Whiting's 
remarks, and I think it is a great pity that we have not had the ad^'antage of them in years 
gone by. At any rate, it is a consolation to know that although we have not Sir William White 
here, yet his aljeence has been marked by an exposition of the views of the naval constructore of 
the Admiralty, which I am sure was received with great pleasure. Now, on the subject of engineers, 
I think that a learned society is hardly the arena in which to discuss these personal matters. The naval 
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ofBcer is iiec€SSiuily an eiigiiief r. more or less. An engineer who drives an e]igine and who is a tniined 
scientific engineer ia necessary- in the ship, but it does not follow from this that the na^al officer should 
not know as mucli engineei-ing as jMssible, and, while it is not always (possible to make the engineer and 
the naval officer the same kind of man, with the same kind of training, we shall probably get the best 
result the nearer thej' approach to each other. With respect to the I'ange-finder (which I hap]>en to know 
aljout from association with my colleague, Piofesaoi' Barr), it seems to me that the position stands 
somewhat like this: the range-finder was demanded by the Navy, and the range-finder was jji-odiiced. 
It fulfilled the conditions that wei-e laid down. The Navy has taken it and has tried it, and has 
found out what can Ije done with it. They could not find out what could be done with the range- 
finder until it was developed, and they could not ])nimi3e when it was develo|)ed that it would lie pei-fectly 
and comjiletely useful for the purpose for whicli it was intended. Now the Navy has, I suppose, at the 
l)resent moment, fomid out the limitations of the ninge-finder, but to say that, because they have found 
out its liniitHtions. therefore they ha\e not encouraged the range-finder to its full extent, is not, I think, 
([uite correct. If the range-finder had Iteen as ))erfect an instrument aa the Na^■y ho|)ed, it would have 
probably l)een used more generally, and have Ijeen more highly appi-eciated than it is. But it still 
has to \]e |>erfected in the direction of finding the range when the ship is in rapid motion, and apjiroaching 
a shij) which is shifting veiy sjjeedily. The ideal range-finder would Ije one which would lie in the 
telescopic sight of a gim, and wliich would automatically change the sight as the distance of the enemy 
altered. That is the ideal range-finder. It may Iw developed some day, but it is not so yet, 
and, until that day, I think we can fairly say that the Navy has treated the range-finder in an encouraging 
and proper spirit. One looks at the general question of encouraging inventoi-s rather from the point 
of view of what is done in other countries. Now, I think Mr. Laird Clowes is very close to the mark 
when he says that we do not encourage inventoi-s. <^ur tendency is rather to look u|K)n an in\-entor 
as some one who should not lje given too much encouragement, but, on the other hand, I think tliat the 
inventor ia rather ai)t to look upon a [wi-son who wants something as an individual to whom he should 
take an idea and leave that individual to work it out. The American practice is rather that 
those who are i-esiionsible are jjerfectly willing to talk over and discuss freely the ideas of an inventor, 
but they will not accept his ideas alone, nor will the inventor generally put fonvard his invention 
in the form of a completed article until it has lieen thoroughly and completely tried. That is the American 
])nujtice : first invent something, tlien have it made and completely tried, and then put the thing forward 
t(t the [jerson who wants to use it. Inventoi's in this country have not advanced as far as they have in 
America in tlie direction of ])roducing complicated articles, and I think that is i^erhajis the reason why 
those who have to use the inventions have not encouraged inventors so much as they do, at any rate, in 
the United States. I think we owe a debt of gratitude to Mr. I^ird Clowes for giving us an ojjpor- 
tunity of hearing simie very interesting criticisms from naval officera ujmn the criticisms tliat he has 
showered upon tliem. 

Mr, F. EnWARiJS (Menilx?r_l : My I^i-d and llentiemen, as an inventor, I wish to state most clearly 
that I do not agree with Mr. Laiixl Clowes' statement dlxnit the attitude of the Athniralty towards 
inventoi-fl. My exjwrience is dii-ectiy op|M)se(l to it, in connection with inventions, 

Mr. W. Laird O-OWKS (Associate): My l»rd and tieutlemcn, I can imagine the IVojjhet Daniel lieaiiiig 
uji againstthe lions, tor he was a manof exceptional qualifications. I am not a Prophet Daniel, and I 
am in a den of naval officei-s and naval architects ; but, owing to the unlooked for kindness with 
which they are treating ine, I still hojje to survive the oi-deal ! I was exceedingly interested in 
Mr. Whiting's remarks ; and most contially do I agi-ee with him that simplicity is most desirable. 
But efficiency is still more so ; and my contention is, that if any invention will add to the efficiency 
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uf a result, one ouglit not to neglect it merely Ijecause one feels naturally \inme to i-ling to 
aiin])licity. Sir John Hopkiiia alluded to tlie pro|)03ed enii>loy]nei»t of the gun againat tlie 
submarine. That is not nij- suggestion, it is tlie suggestion of Commander Kimljall, of the 
United States Navy, who, I believe, haa had moi-e ex])erience than anyone else alive with 
submarine Ixiata. He seems to think that Ix-fore any submarine which has Ijeen to the surfufe 
can disappear even a few inches Iwlow tiie water, a torpedo-boat destroyer or a small cruLser 
ouglit in many cases to he able to hit her with a gun, if it be pi'Oi>er!y mounted so as to reach her 
when she is close under the side of the ahi]). With regard to the black jjowder ignition charge for 
heavy guns, I may have Ijeen misled by some facts which ajipeai'ed in a recent numijer of the Pi-oceediugs 
of the United States Naval Institute, and which, ]jerbaps, apply only tiy the ignition charges which ai-e 
found to l)e necessarj' with the smokeless powder used in the United States" Navy. If so, I am very 
sorry. But, surely, it ought not to Ije necessary to employ smoky powder atall. Sir Edmund Fremantle, 
whom I shall alwa^-s remember as one of the earliest and moat consistent advocates of the advantagew 
of speed, has alluded to the fact that we are Ijchind other nationa. Unfortunately there is no question 
of that. My state of health has not allowed me in recent years to spend part of every summer, as I once 
did, on board some British man-of-war at sea ; but, of course, 1 have been on ix>ard men-of-war in j»ort.. 
Now I remember several years ago visiting an American mim-of-war and seeing electrical shot hoists 
which had been fitted in her. I^ast summer, at Portsmouth, I went on Iward the Cressy. I was taken to 
the Cressy because I was told that I ought to see the \'erj' latest thing. The very latest thing in the 
Creasy was an electrical shot hoist very similar to what I had seen in an American vessel se^'eral 
years earlier, and which had given, I believe, the greatest satisfaction. Yet the Creasy was the fii-at 
British ship to be commissioned with electrical shot hoists. If I may trust my memoiy, she must 
have been five or six years at least liehind the American competitor. Admiral FitzCJerald declares that 
we — that is, the country and the Navy — do u|)]>reciate the strategical value of ajieed 

Admiral FitzGebald : I said the Na\y ; I am not responsible for the country. 

Mr. Laibd Clowes : Well, let tis speak of the jwople who are responsible for the Navy. I say the 
proof of the pudding is in the eating. I say that it the Navy really appreciated the strategical vahie 
of speed, the Navy would have the fastest sea-going ships in the world ; and I add that the Navy haa 
not got them. I say, further; that the Na\y would Iw careful to ha\-e {.he fastest mercantile (ausiliaiy) 
cruisers in the world ; and again, that the Na\y has not got them : out of twentj-two e?:isting aea-going 
merchant vessels which could Ije used as cruisers in warfare, and which have a speed of twenty knots 
or over, only nine Ijelong to this eonntrj'. That is a fact which indicates that the Admiralty does 
not appreciate the strategical \alue of speed. It ought to know that it will need such vessels in war 
time, yet it does not assure to the country the possession of vessels which shall have the heels of foreign 
ships. With regard to the range-finder, it is doubly clear, after ^hat Sir John Hopkins has said, that such 
an instrument is very necessary in our Navy, seeing that we liave not got an unlimited numljer of Cai>hiin 
Scotts. Nevertheless, as a matter of fact, the range-finder cannot yet lje regarded as a regular Service 
instrument. Its use is not yet, I mean, i>art of the ordinary gunnery curriculum of everj' naval officer 
and seaman. It has only been experimentally adopted by us, although it has l)een used in other navies 
for years. It may be a verj' complicated thing; it may be a tiling verj' liable to get out of order in 
action ; but why not use it as long as you can ? If it should get out of order in action, you have still 
your old-fashioned methods to fall back upon. As to Admiral FitzGerald's point that the idea of the 
old-fashioned blockade has not been entertained by his naval friends for the past twenty-five years, all 
I can flay is that a few- years ago I participated more than once in British manceuvres, of which a close — 
not merely a watching — blockade was a \erj- conspicuous feature. I seem to rememtjer Admintl Fitz- 
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Gerald himaelf, wheu a captain, nut 8o veiy long ago, taking part during the annual manoeuvi-ea in another 
blockade. No, the idea of the blockade 13 not dead in the Navy. But, in apit« of all that Admiral Fitz- 
Gerald has aaid aljout my ])aj>er, I am gi-eatly obliged to him for having with auch vigour led the dis- 
cussion, which has been extremely interesting. I know perfectly well how unfitt«l I am to read 
here any paper except one which shall ha\-e the effect of irritating better qualified persons into an 
expression of their view-s. Well, I believe that this time I have made a good many people speak; 
and, as they have spoken very kindly of me, I have no cause for anything but satisfaction. 

The Pbesident (the Right Hon. the Earl of Glasgow, G.C.M.G.): Gentlemen, Mr. Laird Clowes 
appears to think he has rubbed i)eopie up the wrong way, and so started a good discussion. I am 
sure we all agree that he has written a paper which has pi-oduced a very interesting discussion, 
and I am sure also that you will all join with me in giving him a hearty vote of thanks for the trouble 
he has taken. 
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DISTOETION IN BOILEES DUE TO OVERHEATING. 

By C. £. Stbometeb, Esq., Chief Engineer of the Manchester Steam TJaers' Association, 
Member of Council. 

[Read at the Spring Meetings of the Forty-third Session of the Institution of Naval Architects, 
March 21, 1902 ; the Right Hon. the Earl of GLASGOW, G.C.M.G., LL.D., President, in the Chair.] 



Overheating of boiler plates through shortness of water, scale, and grease is one of the 
dangers which engineers have constantly to bear in mind, but it does not appear that 
the subject has been exhaustively examined, and I therefore hope that inquiries may 
be encouraged by a review of the natures and difficulties of the problems. 

It is well known that boilers which may work satisfactorily under ordinary 
conditions will give trouble when the fires are forced. It is, therefore, desirable first of 
all to ascertain what is the meaning of forced fires, and how these affect furnace 
plates with and without scale. A fair rate of combustion under natural draught is 
20 lbs. per square foot of grate per hour, while 40 lbs. is a fairly high rate with forced 
draught. There is, however, no limit to the air pressure, and the combustion can, if 
necessary, be increased to 80 lbs. and probably to 100 lbs. per square foot of grate per 
hour, but under such conditions the products of combustion which leave the bed of fuel 
will doubtless consist almost exclusively of carbonic oxide and nitrogen with little or no 
carbonic acid, and unless much air is then admitted above the bars, combustion will 
be incomplete and the temperature low. 

Professor A. Ledebur* has shown that, if charcoal be burnt at a low temperature, 
much carbonic acid and little carbonic oxide are produced, while much oxygen remains 
unconsumed, whereas at a temperature of about 2,000° Fahr., the product of combustion 
is practically pure carbonic oxide, all the oxygen being consumed. If, under these 
latter conditions, we estimate the temperature of the resultant mixture of nitrogen and 
carbonic oxide, we find that it should be about 2,400° Fahr. Now, by introducing 
just suflScient air into this mixture to re-ignite it and effect perfect combustion, 
the temperature rises to about 4,200° Fahr., say 2.200° C. This is the maximum 

■ " Stahl und Eisen," 1882, Vol. II., p. 356. 
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possible temperature with a coke or anthracite fire, and then only if the second addition 
of air is made before the gases are at all cooled by radiation or by contact with 
the boiler plates. This condition can only be attained in ordinary boilers with 
thin fires, the excess of air passing through the larger interstices of the fuel, through 
local heaps of ashes, or through air spaces which are sometimes formed between the 
furnace plate and the outer fire-bars. In brick combustion chambers or furnaces, the 
flame itself doubtless attains a maximum temperature, whereas in ordinary boiler 
furnaces the maximum temperature is sometimes found in the bed of fuel, and 
sometimes in the fiame just above the fuel, much depending on the amount of air 
admitted and the position of the inlet. 

In Belleville boilers with economisers, the furnace temperature is kept low by 
incomplete combustion and re-ignition of the gases just under the economisers. The 
thickness of the fires is so regulated that much carbonic oxide is generated, which, 
after being cooled amongst the lower tubes, mixes with an additional air supply and 
burns again. Stoking has to be done most carefully, otherwise all the heat is generated 
in the lower furnace and the lower tubes get overheated. 

In a forge fire the temperature is probably a maximum, and it is under that 
condition that Mr. Yarrow, according to my estimate,* evaporated 142 lbs. of water 
per square foot per hour. This evaporation, according to Miss Bryant's experiments,t 
corresponded to a temperature of about -3,870° Fahr., the formula being ( A 0* = H. 90,910 
where A^ is the difference of temperature between the plate and the fire, while H is 
the heat, in evaporative units, transmitted per square foot per hour. In Mr. Yarrow's 
experiment, the temperature of the fire side of the plate would be about 140° Fahr. in 
excess of that of the water, so that the flame would be about 4,220° Fahr. In view of 
the agreement of these estimated furnace temperatures, we may assume that 4,000' 
Fahr. is a maximum. 

Mr. Yarrow's evaporation was estimated by me firom the acquired curvature of this 
tube plate, the corresponding radius p, being 550 in., which was due to the fire side of 
the plate being warmer and expanding more than the water side. If now we consider 
the case of a cylindrical furnace exposed over its upper half to a fire of the maximum 
intensity, and if we suppose this furnace to be slit along its lines of fire-bars, then, on 
account of the increased temperature on the fire side, the upper half would uncurl. If 
its original diameter was, say, 40 in. = 2 r, then its acquired diameter would be 
2 E, and we have — 



R r p 20 550 ;;0-.S' 
showing that the furnace width has increased to 41*6 in., and the furnace crown 



" Marine Boiler Management and Construction," p. 127. t Ibid,, p. 120. 
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has been lowered by 0'8 in. In addition to this change of form in a circumferential 
direction, the furnace crown would also tend to bulge down longitudinally, but being 
prevented by its cylindrical shape, the circumferential distortion would be increased 
about 30 per cent., making the horizontal diameter 42'1 in., and the vertical one 
37-9 in. I:? now we re-connect this furnace top to its bottom, the deformations will be 
halved, and the furnace would have a horizontal diameter of 4105 in. and a vertical 
one of 3B'95 in., the difEerence of the two diameters being 2'1 inch. The furnace ends 
or strengthening rings would unquestionably have some influence in reducing this defor- 
mation, but the above consideration makes it clear that a furnace which was originally 
somewhat fiat would be weaker than one whose vertical diameter was originally slightly 
large. 

The increase of the mean temperature of the upper half of the furnace tends, as 
was shown experimentally by the late Mr. Lavington Fletcher * to bend the furnace as 
a whole, and this action would naturally add to the flattening effect just mentioned. 

The next point to be considered is, what are the stresses set up in a water tube if 
surrounded by a fire of maximum intensity ? Clearly these stresses are the same as 
would be set up in a plate which is being bulged to a radius of 550 in., and that 
stress is — 



where 



2.p /I— 1 

E = ModnluB of elasticity = eay 31,000,000 lbs. per square inch. 
t = Thickness of plate in inches. 
p = Radios of curvature in Inches. 
1 : ^ = Co-efficient of cross contraction. 

Si is, therefore, 40,000 lbs. per square inch x t= 17'8 tons per square inch X t, 
■which means that the fire side of the tube of one-inch metal is subjected to compression 
stresses of 17-8 tons per square inch, both longitudinally and circumferentially, while 
the water side is subjected to equally intense tension stresses. These stresses are due 
to the temperature gradient in the metal, and depend on the heat transmission and on 
the thickness, but not on the diameter, of the tube. The thickness, however, depends 
on the diameter D, and the pressure P ; if then we fix on a limit of, say, 10,000 lbs. per 
square inch as being the maximum permissible strength for a water-tube exposed 
internally to a pressure P, of 200 lbs., and externally to a fire of maximum intensity, 
we easily find the limiting diameter as follows : — 

10,(KX) lbs. per sq. in. = 8 = Si -|- Sj >= sum of stresses. 



• "Report on a Series of Red-Hot Furnace Crown Experiments," Manchester Steam Users' 
Association, 1889, page 19. 
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S, = 40,000./; Si= ^■° = ^^-^ = 100.^. 

10,000 = 40,000 ./+ 100 . ?. 
D = 100 . i - 400 . tK 



Differentiating, we get — 



= = 100 - 800 c. 



From this it follows that D is a maximum and equal to GJ in., when i = | in. In 
other words, for lesser thicknesses than J in., the tube diameter has to be made 
smaller than 6} in. on account of the stresses due to internal pressure ; for greater 
thicknesses, the diameter has to be reduced on account of the stresses caused by the 
temperature gradient in the metal. 

Of course, this deduction is only true for those cases where the furnace temperature 
is a maximum, or equal to or higher than that found in a forge fire, but to judge by the 
molten surfaces of the firebricks in some dry back and water-tube furnaces, these 
temperatures are not infrequent with these types of boilers when worked with strong 
draught. This also explains why gas fires whose maximum temperatures are about 
2,000° Pahr. do not appear to give much trouble under water-tube boilers. 

In the above-mentioned cases the heating surfaces were supposed to be clean- 
By covering their water side with scale or grease, the conditions are altered considerably. 
Eoughly speaking, scale of -f\ in. thickness offers as much resistance to the passage of 
heat as does a film of grease ^},^, in. thick, or a plate of steel 10 in. thick. Now, in 
order to transmit as much heat through one square foot of boiler plate as will evaporate 
20 lbs. of water per hour, the temperature gradient must be 40° Fahr. per inch of 
thickness ; in a layer of scale the gradient must be one hundred times greater, or 
4,000° Fahr. difference on either side of a thickness of 1 in., or 400° Fahr. difference for 
a thickness of jV in. If, then, we have a clean furnace plate ^ in. thick, transmitting 
20 evaporative units of heat per hour, it will be 20° Fahr. hotter on the fire side than 
close to the water, and its mean temperature will be 10° Fahr. greater than that of the 
water and other parts of the boiler. If the intensity of the fire be increased so as to 
raise the heat transmission to 140 evaporative units, then the mean temperature of the 
clean furnace plate will be 70° Fahr. higher than that of the water and the rest of the 
boiler. But 10° Fahr. and 70° Fahr. produce respectively an expansion of 1 : 18,000 and 
1 : 2,600, which, if entirely prevented by rigidity of the boiler structure, will produce 
stresses of 1,700 and 12,000 lbs. per square inch respectively. 

If now we add i^",, in. of scale on the water side, and increase the intensity of the 
fires so as to maintain the above-mentioned evaporations, there will still be the same 
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temperature gradients in the plates, but, added to these, there are a hundred times- 
titeeper ones in the scale, and the water temperature being fixed, we arrive at a mean 
plate temperature of 410° Fahr. with 20 Iba. evaporation, and of 2,870° Fahr. excess, with 
140 lbs. evaporation. If the fires are not intensified, and that is of coarse impossible 
where the temperature is a maximum, the reduced difference of temperature between 
plate and fire will in the first case lower the evaporation, and, therefore, also the plate 
temperatures, by about 15 per cent. ; in the second case the reduction will be nearly 
30 per cent., so that the plates, when covered with scale, instead of expanding forty-one- 
times as much as when clean, will only expand about thirty times as much, or, say 
1 : 530 and 1 : 87 of their dimension. This means that if the plates were held rigidly, 
stresses of nearly 60,000 and 350,000 lbs. per square inch respectively would be 
produced. Of course, long before these deformations are attained, something in the 
boiler must give way. If it is the furnaces that are covered with scale, probably the 
front end plate mil get pushed out, and the motion, if often repeated, will ultimately 
crack the furnace connections : this is frequently the case with land boilers. This 
expansion also sometimes leads to furnace corrugations. If it is water tubes that are 
coated with scale, they will either bend, a most frequent occurrence, and perhaps tilt their 
ends out of their holes, or they may force their ends further through the tube holes. 
To guard against these troubles, even water tube boilers should be designed so as to be 
fairly elastic, especially as the changes of temperature of the heated tubes may be 
very sudden. 

It seems to be vaguely believed that if a plate be coated with scale or grease, these 
substances, being had conductors of heat, should exert at least some beneficial infiuence 
by preventing sudden changes of temperature ; but it must be remembered that scale 
isolates the plates from the water, and that they have now to change their tem- 
peratures in harmony with the fire fiuctuations, each opening of the door and each 
shovelful of coals causing serious cooling and contraction, while every time that the 
fire is freshened up, the plate temperatures rise again. 

Grease, as already mentioned, is a ten times more effective non-conductor of heat 
than is scale, and all the above estimates on scale of jV ^^- thickness would be equally 
true of a film of grease yIx) in- thick. 

If now we deal with hard scale, as we have at first dealt with fnrnaee plates, and 
take into account the change of form produced by transmission of heat, we naturally 
arrive at the result that hard scale should have a tendency to detach itself from the 
plate on which it has grown, not only because it expands at a different ratio to steel, 
but also because of the bending action due to transmission of heat; but the greatest 
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influence is, perhaps, the partial drying when the scale has grown so hot as to super- 
heat its moisture. 

A very instructive case came under my notice.* During a spell of exceptionally 
dry weather, the ordinary water supply for a boiler gave out, and water from a 
discarded well had to be used. It appears to have been of a brackish nature, salt and 
scale rapidly accumulated in the boiler, until the furnace bulged in two places, one 
bulge tearing. The steam pressure was less than 40 lbs., showing that the furnace 
plates must have been very hot. When I visited the boiler, the scale over the unrent 
bulge was as yet undisturbed ; it retained its original cylindrical or arched shape {see 
Figs. 1 and 3, Plate XXII.), while the furnace plate was bulged as shown. The hollow 
space must have been filled with superheated steam, which, being a bad conductor of heat, 
must have allowed the plate to become red-hot. As long as the scale was in contact with 
the plate, the temperature of the latter would be sensibly the same as that of the scale, 
and as there would be a considerable temperature gradient in the scale, the plate may 
easily have been a few hundred degrees hotter than the water in the boiler. As soon as 
separation took place between the plate and the scale, the moisture, which would be 
oozing through the scale, would become superheated, and the plate would then find 
itself sandwiched in between this superheated steam and the furnace gases, and would 
acquire their mean temperature, which might easily be equal to a red heat. 

In this case the scale was hard and not very thick, about J in., and although the 
conditions for separating it from the plate must have been more than usually 
favourable, it is certain that in all boilers even thin flakes of scale are frequently 
separating from their heating surfaces, and therefore the process noticed by me in this 
case may have been the cause of many other bulges. In water-tube boilers we experience 
a very similar action. (See Fig. 2, Plate XXII.) If hard scale be allowed to form m a 
tube, say under easy working conditions, and should the boiler then be worked to its 
utmost capacity, the iron or steel of the tube will grow hotter than previously, the scale 
in contact with the plate will be partially calcined, which would facilitate separation, and, 
as the tube expands more than before, a thin space filled with superheated steam will 
be formed. The metal is now removed from all cooling action, and swells until it 
bursts, or until the scale cracks and admits water, which boils up suddenly and of 
course carries the scale away. Although scale is a bad conductor of heat, overheating 
of scale-covered plates does not take place as often as might be expected, which may 
perhaps be accounted for by its porosity and by a natural circulation of water or steam 
which takes place in scale. Under favourable conditions small craters are formed, 
which are evidently the orifices through which the steam and water which have 
penetrated to the plate through the scale are discharged. 



' Board of Trade Report, No. 1,130. 
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An instance of the porosity of scale was shown by the case already mentioned 
(Report, No. 1,130). When I examined this furnace, it was in the condition shown 
in Figs. 3 and 4, Plate XXII., the scale projecting very considerably over the part of the 
plate which was bent down, and it seemed marvellous that the boiler should have prac- 
tically emptied itself of water without carrying away the projecting scale. On my return 
to the office, I found that our inspector, who had been at the boiler before me, had 
brought with him some scale which had fallen through the rent in the furnace on to 
the matting which had been placed inside. The area of this scale was about equal to 
the area of the hole in the scale as seen by me, sq that the choice now lies between 
two somewhat improbable alternatives ; either there was only a small opening in the 
scale, and yet the steam and water rushed through this opening without breaking the 
surrounding unsupported scale, or else there was no hole in the scale, and the steam 
and water found their way through the porous scale, which, being arched and not 
broken, was fairly strong. The steam pressure was believed to have been fairly low, 
and certainly very little damage was done to surrounding property. 

I have made estimates, which may prove of interest, as to the time required to 
overheat a plate when exposed to the action of a fire. Miss Bryant's most valuable 
experiments* show that the one surface of a heated plate is only a few degrees hotter 
than the water with which it is in contact, but the fire must be much hotter than the 
plate, so as to transmit an equal quantity of heat. If now we replace the water on one 
side by a gas, like steam, the plate will rapidly acquire a temperature, which would be 
about the mean of the furnace and steam temperatures, the latter, of course, rising if the 
supply of steam be limited. The rate at which the plate temperature rises, at least at 
first, can be roughly estimated on the assumption that it receives heat from the fire, but 
loses hardly any to the steam. The specific heat of iron being about O'H, an evaporative 
unit of heat (= 966 B.T.U.) entering an iron plate 1 ft. square and 1 in. thick (weight 
40 lbs.) would raise its temperature by 220' Fabr. We know that at a temperature 
of about 600° Fahr., the elastic limit of mild steel is reduced to about one-half of what 
it is when cold, while at about 1,200° Fahr. the elastic limit is reduced to about 
one-eighth. If we consider a furnace plate i in. thick exposed to a moderate heat, 
such as wiU evaporate 20 lbs. of water per square foot per hour, then if the water level 
be lowered so as to expose the plate, its strength will be reduced one-half in the same 
time that If evaporative units would have been transmitted. The time required to 
do this would be 8J- minutes. Therefore, after exposing a plate to the above-mentioned 
heat conditions for 8J minutes, bulging might be expected at any time, and in 
17 minutes such a furnace plate would only retain one-oighth of its original strength, 

' Procee UiiK- of the Iiistitatiou of Civil Enffineers, 1807, Vol. CXXXII., p. 274. 
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and would most certaiuly have given way, unless the original factor of safety for com- 
pression was greater than 8. 

If, as in water tubes, the metal is only J in. thick, such temperatures as 600° and 
1,200" Pahr. will be attained respectively in one-quarter of the periods just mentioned, 
or, say, in two or four minutes ; but as such tubes have a factor of safety of from 
thirty to forty, one need not expect bulging before two minutes have elapsed, and even 
after four minutes, rupture need not necessarily take place. The fact that bulges are 
not infrequent, shows that such tubes have to stand much more than is generally 
beheved. 

When the fire is as fierce as it can possibly be made, the periods necessary for 
heating the plates or tubes are reduced to about one-seventh of the above, and have to 
be counted in seconds. Short though these periods are, they are not negligible, and 
have to be remembered when dealing with such bulges and bursts. 

Eefereuce has already been made to grease in boilers, but the subject is known to 
be one of so much difficulty, and even mysterj', that it requires special attention. 
There can be no doubt that the introduction of grease into boilers may cause furnaces 
to bulge or to groove, water-tubes to bulge and burst, and stay and smoke-tube ends 
to leak, yet when these injured parts are examined, grease may be said to be 
conspicuous by its absence, although present in other parts of the boiler. 

It also seems to have been noticed that grease has a more marked effect in clean 
boilers than in boilers covered with scale, and it is quite certain that grease is far more 
injurious with forced than with natural draught. There are also many experiences which 
show that collapses due to grease are very gradual, extending sometimes over months, 
and, not unnaturally, not only one but several furnaces then collapse together. Thus, 
in my own experience, all nine furnaces in three boilers of one steamer bulged during 
a prolonged trial trip, and had all to be renewed, while in a recent water-tube case 
two to six tubes were generally found bulged at a time, renewals being necessary at 
the rate of 114 in fourteen months in five boilers. 

The thermal conductivity of paraffin is 0'41, of gutta percha 1-4, and of plaster 
of Paris 4'8, measured in British thermal units. The latter substance has the 
same chemical composition as hard boiler scale, whereas grease is of the nature of 
the two hydro-carbons named, and may roughly be stated to be a ten times better non- 
conductor of heat than hard scale. An estimate has already been given of the mean 
temperature of a furnace plate covered with a scale -^ in. thick, which was foimd, 
including the steam temperature, to be about 700° Fahr. when there was a reasonably 
strong fire, evaporating 20 lbs. of water per square foot of heating surface. "With a 
heat as intense as that in a smith's fire, the mean temperature was shown to be abotit 
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3,200° Fahr. But furnace scale of 7V in. in thickness is not a very serious matter, and 
no practical engineer would point to it as being the cause of a furnace collapse. This 
means that the heat transmission through the plates of our furnaces is generally less- 
than 20 evaporative units per square foot per hour, otherwise, with slightly thicker 
scale, the mean plate temperature would be above 1,000° Fahr. 

If for the scale we substitute a grease of ten times greater non-conducting power^ 
but of about one-hundredth of an inch in thickness, then we may expect such a plate 
temperature not to be exceeded ; yet furnaces in a greasy boiler collapse when there is 
practically no grease on them. I, at least, who have seen many bulged and collapsed 
furnaces in greasy boilers, although I have then found much grease on the stays, on 
the shells, especially near the water-line, and on the underside of the furnaces, have 
never yet found even a film of grease on the furnaces where bulged, nor even on the 
furnace parts above the fire-bars ; and we are therefore driven to the conclusion that 
grease, when in a boiler, undergoes a chemical change whereby it becomes perhaps a 
thousand times worse conductor of heat than it was ; or, and this is more probably 
correct, the action of grease when preventing the passage of heat is of a totally 
different nature to the action of scale. 

One explanation offered is that a thin film of grease, if heated as in a boiler, rises 
off the plate in the form of blisters, which blisters are filled either with oil vapour or 
superheated steam, and act as did the detached scale patches referred to in Fig. 1, 
Plate XXII., and that the skina of these blisters are then floated away. Mr. Austin, of 
Lloyd's Register,* even goes so far as to express the opinion that furnace collapses are 
due to large bubbles even when no grease is present. 

Another view is that furnace collapses are due to a compound substance consisting 
of finely divided scale and iron rust and grease, which, having accidentally acquired the 
flame specific gravity as water, floats about in the boiler and adheres to the hotter plates^ 
and then falls off again when collapse has taken place. 

Others again maintain that some collapses at least are due to scum, consisting of 
grease and light sediment, which floats on the surface, but settles on the furnaces 
when the boilers are emptied and then re-filled without cleaning. I have been through 
thousands of boilers, many of them unsealed, and though I have looked for thetwo-' 
substances just mentioned, I have never seen them. 

It is also maintained that collapses are due to floury deposit, said to be oxide of 
magnesia, which is precipitated from sea water in the presence of caustic soda. have 
not come across this substance in marine boilers. 

• TrdDsactiouB of the Institution of tiliipbuilderB and Engineers in Scotland, Vol. XLI., p. 257. 

D D 
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One serious objection to all these theories is the one already stated, that colIapseB 
due to grease are gradual, and can under favourable conditions be watched growing for 
months ; they therefore differ essentially from collapses due to Bcale or to shortness of 
water, for in these two cases, when the plate has become so much overheated as to 
commence bulging, its change of shape constitutes such a material structural weaken- 
ing that complete collapse takes place. 

I regret to say that I cannot bring forward a satisfactory explanation of collapses 
in greasy boilers, but, us the action is a very gradual one, it would seem as if the 
amount of overheating were not necessarily very great, otherwise the furnace would be 
too weak and would collapse before it could recover itself ; for the same reason the force 
producing the deformation cannot well be a permanent nor a widespread one, and would 
appear to be local, and more intense than the steam pressure. These limitations of 
choice seem to point to bulges in greasy boilers as being due to some sort of hammering 
action connected with ebullition. 

The view that hammering goes on in boilers when worked very hard, will probably 
be new to many marine engineers, but in France, the home of water-tube boilers, the 
matter is treated as being of common knowledge. Thus M. C. H. Bellens* mentions 
blows as occurring in water-tube boilers. It should also be remembered that in the 
Belleville boiler water-hammering is made use of to assist, or, as some maintain, to 
create circulation, a non-return valve being fitted at the foot of each element of 
tubes. 

The Board of Trade Commissioners, in their summing-up of the previously 
mentioned case.f remark that it was stated in evidence that rumbling noises were heard 
in these boilers, and, on making inquiries, I learnt that not only rumblings, but loud 
reports as of water in steam pipes were frequent, and that these sounds came, not from 
the steam pipes, but from the boilers. Sharp blows could also be distinctly felt when 
standing on the boiler drums. It may, therefore, be taken for granted that, under 
certain circumstances, severe hammering does occur in a boiler, but what those 
ciroumstances are is not so easy to say. 

Two explanations suggest themselves, and I can at present offer no other; these 
are, retarded ebullition and water-hammer action. 

In order to grasp at least the possibility of retarded ebullition, one has to consider 
the question of ebullition generally. If one had never seen water boUing, and if one 
were asked to describe what one would espect to occur if water of a boiling temperature 



" " La Mecanique a I'ExpoBition de 1900," pp. 24 and 25. 
t Board of Trade Report, No. 1,130. 
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were placed in contact with a hotter plate, one would be tempted to say that, at first, 
innumerable small bubbles would form all over the surface, like dampness on a window 
pane; that these bubbles, like the water drops on the glass, would increase in size, and 
would join together, and when an individual bubble had acquired a sufficiently large 
size, it would break away and rise to the surface, the space thus left bare being at once 
re-covered with minute bubbles. It is, however, well known that water does not boil 
like this; on the contrary, when only little heat is applied to the plate, one may have to 
wait for long periods between the appearances of bubbles, and, when they do show, 
they grow so suddenly, and tear themselves away so quickly, that the process cannot 
be followed by eye. It will, however, be noticed that, on its upward journey, eac^ 
bubble increases in size, especially at first. This cannot be due to the decreasing 
head of water over the bubble, for it would have to rise 30 ft. before its diameter is 
increased by 30 per cent. The increased size cannot be due to the inertia of the water ; 
for, assuming that the bubble is formed with such rapidity as to impart an appreciable 
velocity to the mass of water above it, and that, in coming to rest, the water exerts a 
suction on the bubble and thus increases its size, then, clearly, after the first increase, 
the babble would decrease again. This does not seem to be the case ; besides, a 
suction which would double the volume of the bubble would have to be about 7 lbs. 
per square inch, and, for however short a period this reduced pressure might exist, it 
would cause the whole body of the nearly boiling water to burst into steam. 

Only one further explanation suggests itself, and that is, retarded ebullition ; which 
means, that the water is superheated. If water be heated in a glass beaker, one will 
notice thread-like transparent swirls moving about near the heating surface, which are 
due clearly to diflferences of temperature, density, and optical properties of hot and 
told water. These swirls are, of course, less marked when the boiling point is reached, 
and when the whole mass of water is of a nearly uniform temperature ; but they 
re-appear during the period of formation of steam bubbles, and can be seen if relatively 
very little heat be applied. These new swirls are, to ray mind, superheated water, 
whose density, or at least whose optical property, differs markedly from non- 
superheated water. 

Suppose the bottom of a beaker full of hot water, to be covered with a layer of 
superheated water, and suppose that, for some reason or other, this superheated water 
gives up its steam at a particular point, perhaps because of the glass being thinner or 
rougher there ; then suddenly a fairly large bubble would be foruied, which, while it 
rises, creates an upward current, and further bubbles are likely to appear at the same 
spot. Now a bubble, one-tenth of an inch in diameter, which is fairly large under these 
conditions of boiling, could be formed by the partial evaporation of a volume of water 
the size of a shilling, and superheated to only j'^" Fahr. 
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Rough surfaces, as is well known, prevent, or at least reduce, retarded ebullition; 
grease is believed to increase it, though I confess that my experiments have only 
partially confirmed this view ; on the other hand, certain chemicai precipitates, especially 
those which quickly settle, are such well-known retarders of ebullition, that chemists 
are most careful, when boiling waters containing them, to constantly stir them. 
Quite recently this matter was brought to my notice by what might almost be 
called an explosion in the chemical laboratory of the Manchester Steam Users' Asso- 
ciation. Our chemist was boiling some water containing a precipitate of oxalate of 
lime, when suddenly the contents of the beaker were shot upwards to the ceiling 
through a height of 8 ft. above the table, the beaker being shattered. It seems that 
this behaviour of the precipitate is a fairly certain one, and almost equally sudden 
ebullition occurs on boiling after precipitating albumen by the addition of permanganate 
of potash and caustic potash. 

The question of interest in this case was the amount of superheat and the pressure 
exerted. Assuming that the beaker did not break until after the fluid had left it, then the 
pressure of steam, which was suddenly generated from the layer of supposed super- 
heated water, would be equal to the depth of fluid multiplied by the ratio of the 
height of 8 ft., to which it was Hffced, to the height through which it moved while still 
in the beaker. This estimated pressure height was found to be 4 ft. to 6 ft., corre- 
sponding to two or three pounds per square inch, and to from 6° to 9° Fahr. superheat. 
These estimates are quite independent of the volume of superheated water, except that, 
to produce the upheaval, the layer of superheated water must have been deeper than 
one sis-hundredth of an inch, a not unreasonable supposition. The same result could 
not have been obtained with a lower degree of superheat, no matter how large the 
volume of superheated water may have been. 

One difficulty stands in the way of unreservedly accepting this explanation, and 
that is, that the sudden ebullition shattered the beaker. Now it is difficult to 
believe that this breakage occurred after the water had left the beaker, that is, 
after the pressure had been relieved, and therefore the propulsion must iiave 
taken place during the very short interval of time that it took to break the glass 
bottom. This interval can be estimated with the help of the explanation which I 
recently gave as to how to calculate the pressure exerted in steam pipes subjected 
to water-hammer action.* The time and pressure would depend on the elasticity of 
the fluid and of the glass, and also on the respective velocities of sound iu either 
material. My lowest estimate of the pressure exerted in this accident is 400 to 600 
lbs. per square inch, and the time during which it acted must have been so short 
that only the top layer of the water in the beaker could have been shot up. But 



" Manch-ster Literary and FhiloBophical Society Memoire, 11)01, Vol. XLVI,, No. 3, p. 15. 
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■(400 + 15) lbs. per square inch corresponds to about 240° Fahr. superheat, which it 
is quite unreasonable to expect to have existed, not only in this experiment but in 
any conceivable case. Therefore, I see no alternative at present but to accept the 
provisional assumption, which has already been characterised as somewhat improbable, 
that the beaker held together as long, or nearly as long, as the water was still in it,, 
but then cracked, and that the explosion phenomenon was due to only a few degrees 
of superheating. But as soon as we refuse to admit the possibility of intense, though 
local superheating, we are face to face with the difficulty that mild superheating cannot 
account for the powerful concussions heard in water-tube boilers, and then there 
seems to be no alternative theory other than that of water-hammer action. 

Before, however, going into this matter, I would like to suggest that it is not the 
grease coating on the heating surfaces which causes retarded ebullition, or more 
correctly the very violent local ebullition, but that this is more probably due to some 
fine precipitate produced by the interaction of the grease dissolved— not suspended — 
in the water on the iron or on the rust of the iron of the heating surfaces, in such a 
manner as to form a precipitate which, similar to oxide of manganese, oxalate of hme, 
and others, causes retarded ebullition. Should this view be found to be correct, and should 
it be possible to discover the conditions for producing this injurious deposit, then 
possibly we may also find means to remove those conditions and be relieved of the 
danger of the action of grease. 

Let us assume the inside of a water-tube to be coated with a substance which 
retards ebullition, also that the water circulation is sufficiently sluggish to allow 
of a reasonable degree of superheat, say 10° Fahr., and suppose that in a 4 in. pipe we 
have a film of this superheated water measuring jV i^- io thickness, and covering 1 ft, 
of the length of the pipe, or say 1 sq. ft. in area. Then, when ebullition does take 
place, we have suddenly a volume of about 10 cub. in. of steam. Ten degrees super- 
heat corresponds to a pressure of about 17 lbs. extra pressure — the ordinary boiler 
pressure being assumed at 150 lbs. — and although this pressure must rapidly diminish 
while the bubble is being formed, and will finally become negative, yet we see that 
there is here sufficient force to drive the columns of water in the tube in both direc- 
tions. Their motions will not be arrested, as one would on first thoughts imagine, 
when the volume exceeds 10 cub. in,, for a local diminution of pressure of only 5 lbs. 
below the general pressure of 150 lbs. would lead to the generation of a volume of 
steam equal to one-half the volume of the water which was subjected to this diminu- 
tion. Experiments on glass-tubed models seem to support this view, for the volume 
of the bubbles sometimes formed in such tubes is greater than simple retarded ebulli- 
tion could be made to explain, and there seems to be no serious objection to suppose 
that, for short intervals of time, steam spaces, one or more feet in length, are formed in 
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water tubes of boilers. That i8 certainly a belief held by many engineers, even 
without examining the question from the above points of view. 

Assuming, then, that a fairly large volume of steam has been suddenly brought into 
existence in one of the lower tubes of a water-tnbe boiler, there will most certainly be 
considerable- commotion in the two columns of water which have just been torn 
asunder. Now the water in the lower part of the lowest tube will occasionally contain 
an excess of comparatively cold feed water, which excess will be the less, the more 
rapid the civculatiou, but which excess will also have had the less time to be warmed 
up if the circulation is rapid. On account of this excess of relatively cold feed, which 
for argument's sake will be assumed to amount to one-twentieth of the water in the 
water-tube boiler, a lowering of the temperature of the steam in the bubble amounting 
to 15" Fahr. would at once be effected. The large steam bubble would at once commence 
to condense against the colder water column, and a further lowering of pressure would 
take place, resulting both in a closing up of the stea'm space formed, and in a tearing 
of the upper or hotter column of water ; the intervening plug of water would be 
accelerated towards the cooler column under a difference of pressure of 25 lbs. per 
square inch, corresponding to the above-mentioned reduction of temperature of 
15° Fahr. If we assume the steam bubble to be, say, 24 in. long, and the plug of water 
to be 12 in. long, then the latter will strike against the lower and cooler column with a 
velocity of 91 ft. per second, and, according to the method of estimating the intensity 
of the resultant blow as previously mentioned (see foot-note, page 204), the local 
pressure would be — 



■ 3,200 



: 4,5.50 lbs. = 2 tons per sqnare inch. 



Here — 

E = 100,000 ll)s. is the elastic modulus of water at 150 Iba. pressare with a temperaturo 

of ;-i.5.S° Fahr. 
W = 3,200 ft. per sec, the velocity with which sonnd in pressare waves travels in 
water when at a temperature of IJ5S° Fahr. 

It is not suggested that this pressure of 2 tons is the actual pressure which may 
frequently be exerted in a water-tube in which retarded ebullition may have led to two 
columns of water meeting with a shock, but the assumptions on which this calculation 
is based are not so unreasonable as to suggest that 2 tons per square inch is an 
impossible pressure. These assumptions are : — 10° Fahr. superheat, a sudden steam 
bubble expandmg to one about 24 in. long, and that there is sometimes 5 per cent, 
of cold feed water in the downtake. 

Supposing that only 1° Fahr. of superheat were possible, even then the resulting 
pressure would be 450 lbs. per square inch, which might suffice to produce slight bulging, 
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more particularly as the tube is supposed to be exposed to an intense fire, frequently 
denuded of water, and it may be prevented from parting with its heat by the same 
deposit which is supposed to produce or accentuate retarded ebullition. The same 
pressure would be produced if either the bubble were only 2J inches long, or only J 
per cent, of cold feed water were in the downtake. 

In spite of these arguments, they cannot, I fear, be accepted as fully justified, for 
they leave much to be desired when applied to the collapsing of furnaces of greasy 
boilers. With such collapses, the strongest argument in favour of the above explana- 
tion is that they occur gradually, and are therefore likely to be caused, not by uniform 
overheating and weakening of the plates, which would result in rapid and complete 
collapses, but by local excesses of pressure, which, according to the above views, would 
be severe blows, but inaudible, or at least unnoticed, when the engines are working 
hard, the only time when the fires would be at their maximum intensity. 

One very serious objection to this view is, that the water in a marine or Lanca- 
shire boiler {more especially above the fire-bar line of the side furnace, when there 
are three in a boiler) is hardly likely to be colder than the rest of the water, so that the 
suction which has to cause the water-hammer cannot occur, or must be very slight, 
unless (and this possibility should not be lost sight of) there is a chance of the cold 
feed-water descendinja on to the furnaces. It may be urged that the superheated 
water is most probably lighter than the colder water, and would tend to move 
upwards either on the furnace plate or separate from it. This objection would 
be met if it could be shown that superheated water bursts into steam if moved, 
or that it tends to cling to the spot where it was formed. It can be urged 
that a furnace is a very much weaker structure than a water tube, more particularly 
as regards resisting local blows, and that, on account of the much greater 
thickness of its metal, very severe stresses already exist in it, due to transmission 
of an assumed large quantity of heat ; and, lastly, the pressure produced when 
a bubble disappears by the closing in of surrounding water is very much 
greater than when two plugs of water meet in a tube. In the one case the blow 
is, as it were, iftet at a point, the centre of a hemisphere, whereas in a tube it ia 
met by a surfece, bo that very much smaller causes than those which were assumed 
in the case of the water tube, either as regards superheat, volume, or cooling, may 
produce local pressures which are as intense, if not intenser, than those just dealt 
with. This means that numerous very minute but exceedingly intense blows may 
constantly be occurring on the furnace plates of boilers fed with greasy water. A soap 
bubble bursts practically without noise, yet one can hear water boiling, therefore this 
noise must have its seat in the water, or, possibly, on the heating surface ; and, further, 
when water commences to boil, and when, therefore, the bubbles formed re-condeuse 
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at once on reaching a somewhat cooler layer of water, we either hear the well-knowit 
singing noise, indicating that certainly a few hundred bubbles are formed and collapse 
every second, or else we hear sharper knocks indicating the formation and annihilation 
of fewer but larger bubbles. 

It will be seen that although the bulging of tubes and furnace-plates in greasy 
boilers may possibly be explained as being due to innumerable blows of considerable 
intensity, it cannot be said that this view is free from serious objection, and I would 
not only welcome any other suggestion, but I am sure that the Institution could desire 
nothing better than that experiments dealing with this subject might be made. Years 
ago, marine engineers had gained a point when it was discovered that grease in boilers 
was one cause of collapses, but, as grease still finds its way into boilers, yet seems- 
to disappear from those plates which it is believed to have injured, we ought, I think, 
not to be satisfied with a vague statement, but should search after the true nature 
of the action of grease. 



DISCUSSION. 

Mr. J. 1. THORNycROFT, LL.D., I'.R.S. (Vice-President) : The author, I tliink, lias gone very 
minutely into many particulars that interest us greatly, and he has not only given them in general 
terms, but he has given us the results of his calculations. He has shown us that it is really 
possible to calculate where it might seem very difficult to do so. The one particular thing I wish 
to speak of, however, is the deformation of a furnace due to oil or some other substance resisting 
the passage of heat to the water. I wish to show that there is another theory which commends itself 
to my mind, and which seems to explain how the furnace may perhaps be deformed very gradually, 
without the water-hammer action which the author has described, or other forces than those due 
to simple heating and cooling of a flue in which you get intense heat. Take, for example, a 
round, ordinary furnace or flue in which there is a fire : what I wish to show is, that it is 
possible, or at least highly probable, that the heat gradients at diS'erent parts of the flue are essentially 
different, the steepest gradients being near the side of the fire. This arises from two causes : 
firstly, the hot gaaes or flames impinge ahnost directly on the siorface of the flue, and, giving up 
heat, pass obliquely along the flue and upwards, thus protecting the crown or upper portion of the 
furnace from the direct impact of the flame from below ; the other cause being, that the sides 
of the flue are nearer to the incandescent fuel, so that the radiant heat on this part is also greater. 
The first efl'ect of this steep gradient ot temperature at each side of the flue, before the metal has been 
80 much heated as to cause a stress beyond the limit of elasticity of the material under the circum- 
stances, is to temporarily cause a change of form in which the vertical dimensions are increased more 
than the horizontal (the latter may, perhaps, be even reduced), but if the heating be sufficiently intense 
and continued, the plate at the sides will become so hot through part of its thickness as to lose 
much of its resistance to crushing, and so become permanently shortened, when cold. This effect 
applies equally to a circumferential or a longitudinal section. The immediate effect of this change 
is to reduce the stress in the other parts of the plate, allowing the cooler parts to take the form 
approaching that in which the plate is not in stress, so that the flue flattens and increases in width 
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beyond ita proper circular section ; any oil or non-conducting coating which divides the metal 
from the surrounding water, will, of course, much facilitate this action. In order to carry this action 
further, it is necessary to assume that oonditiona can ai'ise in which the stress now induced in the 
plate forming the crown of the funiace (when cold) can be at least paitially removed, and that would 
apjjear to lie ]H)S3ible when the crown of the furnace is more thickly coated, and the fire has less 
intensity. By re[>eatin^ the cycle descritied, it seems possible to explain the veiy gradual change of 
form of tubes placed in marine Ixjilers, where oil finds access in sufficient quantity to allow the 
overheating described. 

3Ir. ilACFABLAXE GRAY (Member of Council) : My Loi'd and Gentlemen, without a careful study 
and a quiet perusal of this [Mijei', no one can expi'ess a correct t)pinion regarding it. Mr, 
Stromeyer is a cai-eful oljserver and a clever reaaoner, and we may congratulate ourselves on having 
the chief engineer of the Manchester Steam Users' Association as a member of our Institution, giving 
us the Ijenefit of his wide exjierience. The paper he has just read is one of great importance, and 
some of its new thoughts will !» often referred to in future pa]>ers in this Institution. 

Mr. A. F. Yarrow (\''ice- President) : I am very pleased to have the opportunity of congratulating 
Mr. Stromeyer upon the value that must be attached by the Institution to his pajrer, I should like 
to asli one or two questions. On page 202, the following passage occurs: — ^" Shai-p blows could also 
be distinctly felt when standing on the boiler di-ums. It may, therefore, Ije biken for granted that 
under certain circunistances severe hammering does occur in a Iwiler. but what those circumstances 
are is not so easy to say." 1 have had to do with many water-tutxf Iwilers, but have never found 
any hammering such as that referred to. Then again, on i)age 205, the author states : — " We are 
face to face with the difficulty that mild superheating cannot account for the jjowerful concussions 
heard in water-tute Iwilers, and then there seems to be no alternative theory than that of water- 
hammer action." I have not had any experience of these ])owei'ful conciissions. I do not know 
if Mr. Thomycroft, or anylwdy else has, hut we do not find that is so in the Iwilers we have to 
do with, and I should veiw much like to know whether, in the Ijoilers Mr. Stromeyer refei-s to, the 
tubes are nearh' vertical or nearly horizontal. 

Mr. STHOMEiER : They are Baljcock lioilei-s. 

ilr. Yarrow : Tliat is, ^ery nearly boriamtal ? 

Mr. Stromeykr : Yes. 

Mr. Varrow : Perhajjs the inclination of the tulw may have .something to du with this concussion. 
Xow, on page 203, he saj-s; "It will, however, Ik noticed that, on its upward jouniey " — that is, 
a bubble of steam— "each bubble increases in size, esi>ecially at first. Tliis cannot be due to the decreasing 
head of water over the bubble, for it would have to rise 30 feet Ijefore its diameter is increased 
by 30 \ier cent." 1 can quite understand that if it were a bubble of air, it would only 
increase proportionately to the reduced pressure on itself, and it would have to travel up some 
distance liefore there ixould lie any very constdei-abie increase of size ; but with a bubble of steam, 
surrounded bv boiling water ready to fly into steam, the ca.se is entirely different, Ijecause, the 
boiling jioint of water at the lower jwrtion of a column of water being higher than at the upper part, 
steam is formed as the water rises, without the aljsorption of additional heat. The bubble 
of st^am not only expands as it travels up, but it also increases in size, because of fresh steam joining 
it from heated water Hying into steam owing to the reduced head and lower Iwiling point. If you 
have a nearly horizontal tulje, I can quite imagine that thei'e is a large IkxIj- of heated water, 
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travelling along comparatively slowly, at a temperature whicli is not sufficient to produce steam with 
that particular head of water, but which, when travelling upwards slowly tlmjugh a tortuous courae, 
will verj' suddenly fly into steam, and gi\-e rise to the powerful concussions referred to in the 
paper. I should, therefore, not be surprised to find, in boilers where tlie tubes are nearly horizontal, 
that the conditions are such as to produce powerful concussions which do not exist when the 
circulation is ver}' direct. 

ilr. John Dewrance (Visitor) : My Lord and Gentlemen, Mr. Stromej-er has given ua an excellent 
explanation of the way in which a tube ia overheated. But he says that he does not exactly see 
(or 80 I understand hini> why the grease that is found to be the cause of trouble in a boiler 
should lje absent from that part which it has injured. Now, it seenis to me that Mr. Stroine\-er 
himself has supplied the materials for the explanation. When scale is formed inside a tube, we ba\-e. 
as he fully ex]»Iained, the aujwrheated steam upon the outside pressing the metal, which has become 
red hot, into a deformed state. The tube then suddenly ruptures, and, as a rule, the scale is broken 
by the force of the steam inside. I never saw a case, such as Mr. Stromeyer was fortunate enough 
to see. where the scale remained. We find that part of the tube which has been deformed perfectly 
free from scale, and it has sometimes tliat black oxide which proves the way in which it has been 
deformed. For exactly the same rea.%n, the grease is absent from that jiart. which ia injured, because 
it is not the grease alone which causes the injury, but a combination of grease and scale. It may 
be extremely thin, but a certain proportion of grease in the scale will pre-s-ent the water from 
wetting the metal, and will very likely produce, with an eighth of an inch of scale, an amount o{ 
distortion of the tulje which would not lie produced by ])erhai>3 tll^ee^lua^terB of an inch of jwrom 
scale. That seems to me. therefore, to be the explanation of why, when the tube is distorted, there i» 
no longer any grease on the jMirt which is injui'ed. T think, my Lord, it is extremely intereatinp 
that this tact should have been brought out Ijy Mr. Stromeyer iu such a public way. as I l^elieve it 
will explain a great many of the injuries to tut)es which have previously lieen held to be mysterious. 

Mr. F. EdwakiiS (Menil^er) : My Loi-d and tientlemen, I wish to tliank Mr. Stromeyer for this 
|;ai>er, and to say that I consider it to l)e one of very great value. 1 was recently called in to look at 
some Ijoilers in which the repairs, and consequential losses, amounted to about £8,000, through the 
' furnaces coming down. There is a question whicli I would like to ask. as I do not see it mentioned 
in the paper, and which, I think, would be well worth the author's attention. Why is it that 
furnaces ti-equently come down a certain distance and then stop there ? IE they are jacked up, they eouie 
down again to the same place, and i-emaiu in that position. This frequently occm-s. My impression— 
and I have l)een trymg to ascertain why it is — is this: the furnace, iu the first instance, will 
]u3t take a certain muiiber of bara. the latter being a tight fit ; then, when these bai's are heated, 
they expand and set up a considerable stress, ])U8hing the sides outwards until the latter have made room 
for the Imrs ; to [jermrt of this, the crown has to come down a certain amount, and ultimately takes 
a j)ermanent set sufficient to allow room for the liars in their heated state. When room has l^ecn given, 
the stress which caused the furnace to come down is removed, and this accounts for its not coininp 
down any further. Then, if the liars are taken out and the furaace is jacked up to its original fomi- 
nnd the snme number of bars are put in again, the same hea-s-y stress in the horizontal direction 
occurs, and brings the furnace down again. I l-elieve that, in the old days, the way in which the 
furnaces wei-e set up was to put in a vertical bar alxiut six inches squai-e, and make a fire round it. 
and the expansion of the l>ar set the furnace u]) — instead of using the jack. This apjjears to me to be 
very similar to what takes jdace horizontally when the bai-s are put in tight. If Mr. Stromeyer can- 
give us any information on that point, F, for one, shall }ie veri' grateful. 



y Google 



DISTORTION IN B0ILBB8 DUE TO OVEEHEATING. 211 

Iff. 0. E. Ellis (Associate Member of Council) : My Lord and Gentlemen, it ia very rarely that 
a non-t*chuical member like myself can interpose in tbe discussion on a paper of so scientific a 
nature aa Mr. Stromeyer's. but it happens to have fallen to my lot to be able to present to the Listitution 
what I think ia a verj' remarkable illustration of the dangers which one has to exi>ect in marine 
boilers, and I cannot help thinking that it will be of interest to the Institution if I give some 
particulars of what I am referring to. I am, amongst other things, considerably interested in tlie 
manufacture of steel, and partly in the manufacture of marine boiler furnaces, and in one particular 
case we supplied a number of furnaces for a vessel. Your Lordship will understand that I do not wish 
to mention any names in connection with this matter, but there was no doubt that, !)>■ some mistake, 
something went wrong with the water supply of the boilers, and there was a general collapse of 
nearly all the wing furnaces of those boilers. Now the furnaces were what are well known aa Puri'ea's 
tj-pe, and I am sure you will understand me when I say that I absolutely disclaim any suggestion 
that what the Purees furnace stood in this particular instance would not have been withstood by 
any other furnace in the market. The furnace m question was 3 ft. 7 in. in diameter, and when the 
water supply failed, the crowns of all the wing furnaces were, of course. teiTibly exposed to heat ; the 
pressure came on and they collapsed. Kow they collapsed, in one instance to my knowledge, to a dis- 
tance of 2 ft. down ; in other words, instead of a circumference of 3 ft. which they started with, the 
lowest part of the crown of the furnace came 2 ft. down from where it had Ijeen. The effect upon the 
flteel was such that the part between the ribs, which was 9 in. in length, was stretched in one case as 
much as 2 in,, so as to bring it to 11 in., and the thickened rib was flattened out in certainly 
a moat extraordinary way. Tlie photographs and sketch (Plates XXII. A and XXILb) of those furnaces 
give an idea of the extent of the damage, and they go to prove the aljsolute necessity of taking all 
the precautions which Mr. Sti-omeyer has pointed out in his pa|)er to lie advisable in dealing with 
this matter. I ought to add that there was no tear whatever in the furnace after collai>se; not a 
rivet was broken, showing how well the boiler liad Ijeen made, and there was not even a rivet hole 
damaged by the collapse. 

Mr. C. W, J. Beabblock, R.N. (Visitor) : My Lord and Gentlemen, I should like to ask the author 
to give us some further explanation on a couple of paragrajihs in his paper. On i»age 194, there is a state- 
ment about the Belleville boiler and the use of the economiser. The last sentence in the second paragraph 
states that the stoking must be done verj' carefully, otherwise all the heat is generated in the lower furnace 
and the tubes get overheated. This view of the functions of the gas mixer and space lielow the economiser 
is interesting, but in the working of the Iwiler, complete (or approximately complete) combustion is often 
eflfected in the space immediately alwve the fire. Brides, the boiler has certainly Ijeen subjected 
without injurj' to liad stoking without use of the gas mixer below the economiser. In another 
paragraph, on page 202, the author says:—" It should also l)e rememtered that in the Belleville 
boiler water-hammering is made use of to assist, or, as some maintain, to create circulation, a non- 
return valve being fitted at the foot of each element of tulies." That is apparently an error, aa 
they are not fitted at the bottom of the generator elements to which this remark a'pi^ara to apply. 
On page 196, the author deduces equations involving the thicknesses and diameters of tubes. He 
deab with a thickness of ^th of an inch, and I should tike to see his results for tubes of ^^ ^- '^"'^ 
J in., if he would interpret the equations for those thicknesses. 

Mr. J. I. Thobnyceoft, LL.D., F.R.S. (Vice-President) : I only rise, my Lord, to answer the 
question that Mr. Yarrow asked with regard to the hanmiering or noise in the tul)es of boilers with which 
I have been connected. I must say, like Mr. Yarrow, that I know nothing of hammering in the tulies. 
If the water passes through with sufficient rapidity, I believe hammering does not take place, but in tulles 
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iu which tiie ii-ater imssfs thi-ough nithcr slowly, and if it liuppena by any chance that fwd water of a 
comparatively low teniperatui-e gets jerked into the large bubbles he was describing, it will cause sudden 
collapse of the steam forming the bubliles, and hammeruig, such as is often heard in buildings which 
are heated Ijy steam, when the ])ijieH are not so thoroughly drained as to keejD the cooler water from 
being in the same pijies as tlie liot steam. But, s(» far as I know, that has never taken place with any 
boiler with which I ha^e lieen connected. 

Ml: C. E. STHOMEiT.ii (Memlier of Coimcil) : ily Lord and Gentlemen, I think it will l)e best if I 
begin at the end, and i-ejily first to the last speakei- but one. As regards the fomiula on i»age 196, I 
cannot give the i-esulfa for any other thicknesses. I show there that Jth of an inch Li the minimum 
thickness. If the tulje is made thicker, it is weaker liecause of the heat strain ; if made thinner, it is ■ 
weaker Ijecause of the Iwiler ]ires8iire ; Jth of an inch is the least and also the Ijest thickness for the 
Ijarticular conditions. Clack valves are, as far a.s 1 know, always fitted in Belleville boilers. All 
the drawings that I have seen and all the pa]>ers that I ha^'e read on the matter show or njention 
these valves, and they seem to l)e verv^ essential to the workhig of these iMilera, It may Ije that some 
of the modern Imilers ai"e worked without, them, but I think it is the usual practicj" to fit clack vah'ea. 
As I'egards stoking, I think it is ^ell known that the Belleville lx)iler has to I^e stoked most carefully. 
The Ijoiler is a very efficient one if properly worked, that is, if the stokers are well tramed and the 
fii-es are kept exactly at the right thickness. I have not, ])er30nal!y, supervised any experiments, 
but I understand that if the fires are not worked projierly, and if, for instance, too much coal is 
placed on the grates, it will l)e consumed, but there will be no additional steam production. There is 
one particular condition of fire which gives the Ijest i-esulta, and, with the economiser in use. I under- 
stand that i-esult is an excellent one. If such Imilei'S ai-e put in charge of men who are not skilled 
in working these very large furnaces, the i-esults are, I believe, ^Try uneconomical. That may account 
for the varying returns that are obtained in the Navj-, some boilers being economically worked and 
ethers not. With regard to Mr. Edwards' inquiries, I think the explanation why bulges recur in the 
same place lies in the straining to which the material hiw Ix^ii subjected, while bulging and while 
being pressed Ijack. A slight bulge is a small flat, and therefore shorter than the segment from 
which it was formed, AVhen it is pi'Cs.sed out agahi, the metal must be in tension, and if, through 
scale or other causes, it gets o^'erheated again, it comes down again. 

Mr. EdiS'ahds : Why does it stop there ? 

Mr. Stromeyee : That is one of the puzzles of the action of grease in Ijoilers to which I have 
tried to draw attention. Tlie exjjerience of the Manchester Steam Users' Association, lx>th with 
laud boilers and marine boilenf, is that the bulging process may go on slowly for years. Our inspectore 
report the shapes of all furnaces, and. if irregular, tliey are especially watched. 

Mr. EuwABDS ; I meant the whole furnace. 

Mr. Stbomeyeb : Occasionally there are bulges, and occasionally the whole furnace gets flat, hut 
we watch lx)th. Perhajra in the second year, we may find that the bulge has increased an inch or 
so, and we take steps accordingly. We warn the owners to wattih the bulges and not to put so much 
grease into the boiler. The bulging action sometimes goes on and sometimes stops. I think vif- 
have altogether alx>ut 200 Ixiilers whose furnaces have deformed or are deforming, and we keep 
careful records of them. It is one of the difficulties of the problem that the action is so ver\- slow. 
I have been tiwing to suggest exjTlanations, and I lu^ie, as Mr. Macfarlane Gray says, that they will 
lead to further inquiries, but I cannot yet give a definite explanation of it. I think this also answers 
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one of Mr. Thornycroft's mquiries, except that Mr. Thomycroft'a own explniiatioii, if gone into more 
in detJiil, may, I believe, be found to be the correct one, and I would not be at all jealous ot a lietter 
Huggestion \miig brought forward. If I understand him correctly, the irregularity — the uncurling — 
which I mentioned tjefore may te local, and therefore w(»uld not weaken the furnace as a whole. A hot 
patch here and there may start bulges which gradually increase. I think if that theor>- were worked 
out, it might be made to explain also bulged water tuljes. The difficulty with my suggestion is that, 
although it seems to fit the water tulje troubles, it does not answer so well with the furnace troubles, 
and I think Mr. Thornycroft's explanation may get over that difficult}', l^ecause it may perhaps fit both 
cases. Unless an explanation does fit lx)th cases, I do not think that it should be accepted as quite 
sjitisfact-ory. I have, I believe, not been quite explicit as regards the absence of grease, but it is not 
only the bulged parts of furnaces that have no grease on them, it is the whole furnace top that has 
no grease. Although, in touching these parts, one's hands get black, this is due to a dark duat, and 
verj- little of that. Tliere is certainly no grease ; but below the fire bars, the furnaces are sticky 
with thick grease, and in the case I referred to, of nine furnaces coming down in a ship 
during a trial trip, I knew, before I entered the boilers, that there was grease in them, for the 
overalls of the men who came out were perfectly greasy. Nearly the whole of the inside 
of the boiler was greasy, but not the furnace crowns, which had bulged. The difficulty is, hov,' to 
explain why these furnaces collapsed. One knows that the prime cause was grease, l>ut, 
notwithstanding this, the collapsed parts were not greasy. That is one of the mysteries we ha\e to 
deal with. My suggestion is that, whether the cause of the collapse is water-hammer or overheating, 
these causes are due to some chemical precipitate caused by the action of the grease on the iron. As 
regards the hammering action which Mr. Yarrow and Mr. Thomycroft have not heard, I fancy very 
few people at sea would hear it, because, so far as I underatand, the boilers in which hammering 
was noticed were worked practically at their utmost capacity, but then they were separated a long 
distance from the engine. There were thick walls in between, and you could I» in the boiler house 
without hearing the engines working at all, and, standing on those boilers, the engine builder told 
me he could feel distinct blows under his feet, and the stokers told me that, standing in the stokehold, 
they could bear blows in the toilers. When a torpedo-boat boiler is being worked at its veiy 
highest power, the engine is also doing the same thing, and makes itself so much felt and heard 
that concussions would not be noticed. I do not mean to say that I am convinced that the concussions 
which were heard were the causes of bulges and rents, but, seeing tliat they are sup|X)sed to assist 
circulation in the Belleville boilers, I believe that they do ut least occur, and my paper is an attempt 
to ascertain whether they are really serious factors. 

Mr. Yarhow : I was referring to the trials of water-tulje Ijoilers ashoi-e. The engine 
question does not come in at all. 

Mr, Stbomeyer : Then you did not hear blows { 
Mr. Yarrow : No. 

Mr. Stkoueyeb : I simply mention that the blows ha^'e been heard, but what causes them, I do 
not feel sure about. 

Mr. A. yi'YER (Member) : May I ask the author if he could tell us, in tliat case, where the feed was 
introduced ? 

Mr. Stroueyer : It would lie in the top of the boiler, the usual system adopted by Messrs. 
Babcock and Wilcox. 
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Mr. Spyer : I have never heard this iiamiiieriiig in a water-tulje Ixiiler exce]>t ill one case, and thei-e 
it was distinctly traced to the position at which the feed water was introduced. 

Mr. SthoMEYER: That ia very intei-eating, I will mention it to the people who have these boilei'a, 
and perhaps that will get them oter the difficulty. I felt some hesitation in bringing forward tht 
suggestion that the superheated water is the true explanation of the ebullition, not for fear of its being 
criticised, hut because the question of superheating was at one time thought to l:>e the cause of all 
explosions, with which view I have not the least symjmthy. I mean that, formerly, whenever there was 
a lx)iler explosion, it was at once urged that it was due to ivtai-ded ebullition, which is but another 
name for superheated water. That theory, I hope., has been aljsolutely knocked on the head, es|)ecially 
hy my predecessor, the late Mr. Lavington Fletcher. But I do not Ijelieve that suiierheating is entirely 
inconsistent with water boiling, and I am putting forward that theory to a-ssist in explaining how 
colla])ses might occur. Mr. Yarrow adopts the explanation given, I think, by Professor Tyiidall aa to 
thp inner working of geysers : he assiimes that before an outburst takes place, the water temperatui-e 
will be higher at the bottom than at the top, at the rate, it seems to me, of about 1J° for evei-j^ 
foot of depth. In a beaker 4 inches deep, half full of water and just on the point of boiling, the 
surface temperature would be 212° Fahr. against 2122r»° Fahr, at the bottom. A bubble, on rising, 
should increase in size, but not to the extent which actually seems to be the case. Now, although I 
agree with Mr, Yarrow that there is an increase of temperature with the depth, I do not think 
that this can fully account for the increase in the size of the bubbles, nor for the repeated api>earance 
of bubbles at one point. When once a bubble has formed at one [Mint, a vertical current is set up 
there. Then the next time that a bubble is formed at the same ixjint, it will find to hand a column of 
superheated watei- all the way up to the surface, and I think it is the amount of superheated water 
which bui-sts into steam, which causes those bubbles to increase in size. I think, therefore, that 
Mr. Yarrow and I agree about ebullition, exceiit that he attaches im]X)rtance to the necessary 
temperature gradient, while I believe in superheated water. This is only a slightly different way of 
looking at the question. I have, my Loi'd and Gentlemen, to thank you very much for the way you 
have discussed my paper, and I ho])e it will lead to further results. 

The President (the Right Hon. the Earl of Glasgow, (i.C.M.G.) : From the way in which 
Mr. Stromeyer's paper has been ^ecei^"od, I am sure you will all join with me in giving a hearty vote 
of thanks to him. 
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ON THE COREOSION OF CONDENSER TUBES AND SEA-WATER 

CONDUCTORS. 

By Professor Ebxbt Cohek, of AmBterdam. 

[Read at the Spring Meetings of the Forty>tliird ^eBsion of the Institution of Naval Architects, 
March 21, 1902 ; the Right Hon. the Earl of Glasgow, G.C.M.G., LL.D., President, in the Chair.] 

I HAVE accepted with much pleasure your kind invitation to give an account of my 
researches on the corrosion of condenser tubes and copper sea-water conductors on 
board steamers, a trouble that people in your country also have had to struggle with for 
many years. At the very outset, however, I must point out that experiments to 
test practically the efficacy of the means I have recommended to remedy this evil 
are now being made, and that the object of the inquiries cannot be considered to have 
been reftched until the results prove that the means recommended are a final solution 
of the problem. 

The phenomena which occasion so much trouble are familiar to all of you. 
Whilst on the inside the brass condenser tubes of steam boilers are in contact with sea 
water, they are, on the outside, in contact with steam and water which has been formed 
by condensation. In the walls of these tubes sometimes, even after a short time, holes 
appear, which necessitate renewals ; moreover, the metal parts of pumps and copper 
sea-water conductors are rapidly and strongly corroded. 

As the reports on these phenomena, which were given to me by companies 
interested in the matter, contained a great deal of contradictory information, 
I decided to get acquainted with the phenomena by personal observation. Besides 
the conflicting conclusions which had been drawn with respect to the causes of 
the corrosion, in a great many cases even the mere facts did not tally. This is to be 
ascribed to the fact that the information was founded upon accidental observations ; 
systematic researches have apparently not hitherto been made. 

(1) The Action of Sea Watee on Bbass anh Coppek. 

In researches like those which will be described here, it is of great importance 
to choose the circumstances of the esperiments as similar as possible to those in which- 
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the phenomena actually appear, or even to take more favourable circumstances. Now, 
in reality, sea water runs through copper (or brass) tubes which have the temperature of 
the air or that of the engine-room. In the case of the covering of the condenser, sea 
water runs through brass tubes which assume a temperature of 38° C. Of course the 
temperature of the water will also become about 38° C. For this reason my 
experiments were made at this temperature. In order to keep this temperature up for 
a long time I used a thermostat, a reservoir of about 80 litres, filled with water which 
was constantly stirred by a small propeller, kept in motion by a hot air motor. (See 
Fig. 1, Plate XXIII.) A thermo-regulator regulated the gas flame so that the 
fluctuations of temperature remained within 0'03 of a degree. In this thermostat the 
flasks and apparatus were suspended. 



(■2) Does Sea Water Act upon Pubb Coppeb? 

In connection with the general opinion that the corrosion of copper by sea 
water should be ascribed to impurities, I endeavoured to ascertain how far sea water 
acts upon chemically pure copper. The sea water used for these experiments was 
taken from the North Sea ; in a few cases I took it from the Mediterranean. As I 
expected, there was no difference in the action of either. Chemically pure copper, 
which had been specially prepared for this purpose with the greatest care, was plunged 
in sea water, and by a special arrangement (see Fig. 2, Plate XXIII.) atmospheric 
air was allowed to bubble through the water. Var3'ing the circumstances in different 
ways, as has been described in my Dutch paper on this subject {(fe IngenieiiT, 
16 March, 1901), I was able to observe the following facts : — Chemically pure copper 
is only corroded by sea water if atmospheric air can co-operate in the action. If the 
carbonic acid of the air is removed, the action does not take place. 



(3) The Action of Sea Water on Commehcial Coppeb. 

Experiments analogous to those described in §.(2) were made with — 
(«) Electrolytic copper. 
(6) Sheet copper. 
(c) Hammered copper, 
(rf) Cast copper. 

The copper is only corroded if sea water, air, and carbonic acid act upon it 
simultaneously. 
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(4) The Action op Sea Wateb on Bbabb Gondenseb Tubeb. 

I repeated the experiments with brass in sheets and brass condenser tubes, after 
having made an analysis of these materials. The composition was : — 

Copper 66'60 per cent. 

ZiBC 33-40 

Here also I found that the corrosion by sea water only takes place if the air and 
carbonic acid act simultaneously upon it. When the action goes on, both the copper 
and zinc are dissolved by the surrounding fluid. I will spare you the chemical details ; 
let me only say that a short calculation shows that the quantities of carbonic acid 
which are present in sea water, according to the best experiments in this direction, are 
sufficient to cause the phenomena which have been mentioned. 

(5) The Action of Sea Wateb oh Tih-plated Gondenseb Tubes. 

In order to prevent the corrosion of condenser tubes by sea water, some of these 
tubes have been tin-plated. To what extent has this plating a protective action ? As 
there appeared to be no actual researches about the action of sea water on tin, I 
also carried out some experiments in this direction which gave the following result : 
Tin is corroded if it is in contact with sea water and atmospheric air. 

I also determined by chemical analysis the thickness of the tin layer which 
covers tin-plated tubes of different manufacture, and found it to be only n;^ of a millimetre. 
I also observed the fact that the tin layer, even of perfectly new tubes, is not always 
quite intact. In some places circular spots are found where the brass is bare. 
The origin of these spots is probably connected with the method of manufacturing 
these tubes, which are tin-plated by plunging them into melted tin and then with- 
drawing them quickly. If the inside was not quite cleau, it may easily happen that 
the tin will not adhere uniformly everywhere. 

(6) The Aciion op Sea Wateb on Diffebent Materials. 

Special experiments showed that oxide of copper and nickel resist even a pro- 
longed action of sea water and atmospheric air, so that if it were possible to cover 
condenser tubes with these materials they would resist destruction. Aluminium 
bronzes, however, which have been recommended by several authors, are attacked very 
strongly in a short time. 

It seems strange that tbe corrosion is often quite of a local nature, while the 
metal neai: it seems to remain quite sound. In order to get an insight into these 
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processes, a well-polished brass plate was set up in a large glass tube, which contained 
dilute nitric acid. This liquid was constantly stirred by a glass propeller, worked by a 
hot-air motor. Although this solution remained quite homogeneous, yet the plate was 
not corroded evenly, but holes were formed with wedge-shaped edges. If we take into 
consideration that homogeneity is a very relative notion, and that we call a plate 
homogeneous when viewed with the naked eye, which, in reality, is not homogeneous 
at all, this result is not so surprising. 

(7) Pbotection of Coppeb abd Bbasb Tubes bt Zinc ob Ieon. 

Owing to the results obtained I was led back to the researches of your famous- 
countryman, Sir Humphry Davy, who described, in the years 1824 and 1825, a great 
many experiments about the protection of ships, by copper sheathing, against the 
corrosive action of sea water. His researches, of which more recent technical litera- 
ture has apparently taken no notice, led him to the result that the contact of copper 
sheathing with zinc or iron entirely prevented the evil. 

If a piece of copper or brass is exposed to the combined action of sea water and 
atmospheric air, corrosion occurs. If, however, under otherwise similar circumstances, 
the copper (or brass) is brought into contact with a very small piece of zinc or 
iron, the action of the sea water ia entirely suppressed. It is not necessary at all that 
the copper (or brass) should be in direct contact with the zinc or iron. In order to prove 
this, take two glass cylinders A and B (Fig. 3, Plate XXIII.) filled with sea water, and 
connected by a U-shaped tube C equally filled with the liquid. Into A we put a piece 
of copper or brass, and into B a very small piece of iron or zinc, and connect the 
copper and zinc by a copper wire. The brass remains quite bright, whilst the iron 
(or zinc) is dissolved. 

In order to note the influence of the electrical resistance of this combination 
upon the protective action of the zinc, I used the apparatus shown in Fig. 4. A and B 
are two flasks, which are connected by the glass tube S S S, filled up with sea water ; di 
and d^ are copper wires, hermetically fixed by means of sealing wax into glass tubes in 
the rubber stoppers of the flasks. By attaching and starting an air pump, air flows into 
the flask A through the tube I and passes through Z Z. A small piece of brass 
(or copper) Pj, is now fixed to wire dj and in the same manner a small piece 
of zinc in the flask B to the copper wire t^j. When air is going through A, the 
corrosion of Pi occurs. If, however, we bring nti and m* into contact beforehand by a. 
metal wire, the corrosion is entirely suppressed, the brass (or copper) remains bright, 
whilst the zinc in B is corroded. If the electrical resistance of the water in the tube 
S S S is too large, the protective action of the zinc disappears. 
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By varying the length of the tube S S S we can find at what resistance the 
corrosion of the copper re-commenceB. 

If the brass plate F^ corresponds with the condenser tubes in the condenser on 
board a ship, and Pj with a piece of zine which is suspended in the sea, then S 8 S 
corresponds with the tubes connecting the condenser tubes with the sea, viz., the 
tubes supplying the sea water which is used for cooling. If now the zinc plate and 
the condenser tube are connected by a copper wire, we have a system like that which 
has been described in Fig. 4 (Flate XXIII.) where corrosion cannot occur. 

If the resistance between the two electrodes of Pig. 4 becomes too large, the 
protective action of the zinc disappears. This seems to point to the fact that the 
intensity of the electric current in the system is playing a part. By increasing the 
intensity of the electric current by means of an auxiliary battery, the protective action 
of the zinc is re-established. 

If m, is brought into contact with the positive pole of the battery, 
corrosion takes place immediately, as chlorine is evolved from the salt of the sea 
water; if, however, the brass plate is in contact with a piece of zinc, this will be 
corroded, but the brass remains quite bright. This fact proves that, if, in the 
condenser tubes, there should happen to be any electrolysis, &c. (which of course 
would produce chlorine), the presence of zinc would, in this case, also prevent the 
corrosion of the tubes. 

Direct electric currents, produced by leakages from dynamos on board, even 
if they are very small, may give rise to corrosion of the tubes in the manner described. 
The phenomenon will only be produced by this cause if the condenser tube is connected 
to the positive pole of the dynamo. 

Diegel* concludes from his researches into this subject that zinc and iron will 
act as protectors, and this agrees with Davy's experiments and those described 
in this paper. 

As a result of the researches mentioned here, I should recommend the fol- 
lowing : — 

(8) Bbmedies. 

(a) A thick coating of tin on copper or brass tubes. 

(b) A coating of oxide of copper. It is not certain, however, that this remedy is 
capable of practical appHcation. 

" Marine JRundschau, Kovember, 1898 : Jahrgang 9 ; 1485-1550. 
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(c) A coating of nickel on the inside of the tubes. It would, however, be preferable 
to nse nickel tubes instead of brass or copper. 

(d) An electrical connection between the copper or brass tubes and zinc or iron 
plates which are suspended in the sea. 

(e) A continuous electrical current, accurately controlled, going through the 
condenser tubes, or through those parts of the ship which have to be protected against 
corrosion. 

(/) Insolation of the tubes from all parts of the electrical installation in which 
currents flow. 



DISCUSSION. 



Mr. A. F. Yarkow (Vice-President) : My Ix)rd and (Jentlemen, I have nothing to say, except 
to thank Professor Cohen for hia kindness in coming here to read this paper. I have some reconb 
of experiments which may be of interest in connection with this paper and which are therefore 
appended in Tables I. and II. 

EXPEBmSTTS WTTH CONDENSES TUBES ANT BoiLEB TUBSS BY MESSRS. YABBOW & Co, 

The objects of these experiments were : — 

(1) To try the effect of tinning and nickel plating on brass condenser tubes. 

(2) To try the action of fresh and salt water on condenser tubes, under various conditiona of 
temperature, pressure, or gas in solution. 

The specimens were all of the same size, and were experimented upon at the same time. 

All the specimens were weighed every ten days, with the exception of the sealed specimens, which 
were weighed after 275 days. 

In the case of the sealed specimens, the hydrogen or air was only present in a small quantity 
between the stopper and the surface of the water ; the object aimed at was to seal the specimens 
in the hoiling water with as little air as possible. 

In one of the nickel-plated specimens, the nickel plating at one end was defective and this tube 
pitted badly at this end. 

With the exception of this nickel-plated specimen, the corrosion was more or less unifona 
over the surface ; in some cases it made the tube look striated longitudinally. 
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TABLE I. 

EXPERIHBHTS WITH COKDBNSER TVBBS BT MESSRS. YARROW & Co. 



Kind of Tuba. 



Ordinaty 



CondeDBer 
Tobe. 



Tinned 

bnsB 

Condenser 

Tube. 



Nickel. 

plated 

braae 

Condenser 

Tube. 



InmllTi- 



Seated with boiled sea water and hydro^n 
Sealed with boiled sea water and air... 

Sea water open to air 

Sea water with ur bnbbling throngh... 
Sea water at 100° F. and open to air ... 
Sea water at 10 Iba. presanre ... j Thia 
Plain water at 10 lbs. preesore -[^^"JJ 
Distilled water at 10 lbs. preeBure ] «o°«*a°*- 

Sealed with boiled sea water and air 

Sea water open to air 

Sea water with air babbling through 

Sea wat«r at 100° F. and open to air 

Sealed with boiled eea water and hydrogen ... 

Sea water open to ur 

Sea water with air bnbbling throngh 

Sea water at 100° F. and open to air 




e had piU due to defective aiokel {dating. 
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TABLE II. 
EXPBBIMENTS WITH STEEL TDBKS BY MESSRS. YaRHOW & CO. 



ii 



till 



Sealed witb boiled f 
water and hydrogen 

Sealed with boiled e 
water and air ... 



Sea water open to air 



Sea water, air babbling 
through 



Sea wat«r at 100° F. open 
if} air 



Sealed with boiled town 
water and hydrogen 



Town water open to air 

Sealed with boiled distilled 
water and hydrogen 



Sea water at 
10 lbs. presanre 



Town water at 
10 lbs. preesnre 

Distilled water at 
10 lbs. preeenre 



This 
pressure 
was not 
constant 



RelatlTe uaount of km per ten day* ihowu (haded. 



The geneml conditioni of these teste were the same as for Condenser Tubee (Table I.). 
Note.— The Scales in Tables I. and II. are not identical. 
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Mr. F. Edwards (l^fember) : My Lord and Clentlemen, it does DOt appear to be stated in this, 
paper whether the corrosion originates from the inside or from the outaida of the tube. On page 
220, under (c), I notice that the inside of the tubes is especially referred to. I have had some experience 
of this matter which, I think, may perhaps be of some use to the membera. Many years ago I 
received a report from one of our engineers, statijig that the tubes in a certain condenser were 
giving out very rapidly, and indenting for an entirely new set. I therefore asked him to send 
us some pieces of the defective tubes, and on receiving them, I sent them to Mr. Wilson, the 
analytical chemist. I have got some of them here. They are not from this particular ship, but 
we have had a good many ships that have given more or less trouble. The members will see from 
these pieces of tube that the corrosion has commenced from the inside. Mr. Wilson fo\md oxide 
of iron lying in the bottom of these cavities : now, in the first place, the brass corrodes the 
iron, and, after that, the action is reversed, and the oxide of iron corrodes the braas. Immediately 
I got that, I looked at the drawings of the condenser, and I grasped exactly what was going on. 
The pit holes m these tubes are all on the lower side of the tubes — noue of them are on the upper 
part. The condenser was horizontal, the water passing through it twice. It happened that, in 
this ateamer, the circulating pump drew the water from the bottom, and the water was sucked 
through. The cold water came in at the top, and, as very often occurs in connection with con- 
densers, the main circulating valve of the circulating pump was closed' to a considerable extent. 
The pump emptied the condenser to a great extent, so much so that the water fell from 
the top into the lower portion of the top box, and went through the bottom tubes only, and then, 
at the other end, tumbled down into the bottom of the bottom box, and then went through the 
second set of bottom tulles. At the end of the first voyage, the builders thought they could remedy 
the evil by some arrangement for filling the top tubes. They put in a weir at each end, so that 
none of the water could escape until it got up to the level of the top tubes, and then it tumbled 
over the weir. They then did the same thing with the bottom box, so that all the top tubes in each 
box had to be full before the water could get to the circulating pump. The letters of the chief 
engineer gave a full description of what occurred. All the tubes that pitted were bottom tubes ; 
those in the top box, and others in the bottom box, were all pitted near the end where the water 
entered. I came to the conclusion that the cold water coming in at the top caught and corroded 
the cast-iron jacket, and that particles of oxide of iron came off and then sank down. Some of 
them, no doubt, got into the top tubes, and they were sent on at a high speed to the other end. 
Othera sank down, and were carried a certain distence into the bottom tubes, but the current through 
them was so very sluggish that it was unable to carry the oxide far into the tubes, and 
it was deposited on the bottom of these tubes, near the entrance. Then some more oxide may have 
been knocked off at the other end, and the particles that may have come through the top tubes- 
in the upper box, in sinking at the other end, evidently got carried in, and came to rest in some 
of the lower tubes of the bottom box. I then felt practically certain that I knew my position, and 
that I could get over the difficulty. I simply wrote to the chief enguieer and told him that the 
water in many of the tubes, and particularly the ones that had corroded, was travelling too slowly 
— BO slowly that it weis leaving the oxide of iron in. I sent him a copy of Mr. Wilson's report. 
The weirs that the builders had put in were of gun metal. The engineer grasped the position at 
once, and he had the weirs melted up and put in three divisions. The water then went through 
four times instead of twice. The result was that one or two tubes, which were on the point of 
failing before he made the alteration, gave out, but with the rest, there was no trouble whatever. 
That ia not the only condenser with which I have had that similar experience. I have recently 
taken over the charge of several steamers, and the very same thing has happened. The engineers in. 
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each case complained of the tubes ; we took them out, cut them up and examined them, and we 
found that in each case the trouble originated from the inside. If the condensers were designed for 
the water to go through twice, or if it has beeu doing so, the only thing we can economically 
do is to put it through four times, and, when we have done that, we have had no more trouble 
since. These samples are from one of Ifessrs. Wilson & Co.'s boats, of Gothenburg. If the trouble 
arises from the inside of the tube, you can rely upon it (at least so far as my experience goes) 
that increasing the speed of the water will put a stop to it. ^ ■. ^ 

Mr. A. Spyeb (Member): My Lord and Gentlemen, it ia a great source of gratification to all 
of us to find that foreign correspondents take the trouble to prepare and read before this Institution 
papers of such decided interest to engineers as this one is. The question of the corrosion of con- 
denser tubes is somewhat mysterious, and the observed phenomena may be roughly divided into 
three classes. There are, firstly, defects due to manufacture ; secondly, defects traceable to mechanical 
action or arrangements, and, thirdly, and most important, the chemical action, or pitting, which 
Professor Cohen has been investigating. The cause of thia latter action is certainly not clear, and, up 
to the present, we have failed to find any entirely satisfactory explanation for it. In the Navy, I need 
hardly say, we have experienced these troubles with condenser tubes, and we might, from the nature of 
the case, expect rather more of them than the Mercantile Marine, because it ia our practice, owing to 
considerations of weight, to make the condenser shells generally of gun metal. Consequently, there ia 
a very much greater tendency to galvanic action between the shell and the tubes, than where the shell 
is of cast iron. On the other hand, it is Navy practice to put one per cent, of tin into the composition 
of the tubes, which is in favour of our tubes, as compared with those of the corapoaition which 
the author gives, that is, 66 per cent, of copper and 33 per cent, of zinc. The Na\-y tubs 
contains about 70 per cent, of copper and 1 per cent, of tin, which is in favour of the tube. 
Nevertheless, we are troubled with occasional instances of this pitting, which we are unable to 
explain satisfactorily. Of course, I am excluding the two classes of trouble before alluded to, those 
due to manufacture and to mechanical action. I may say, with reference to another remark in 
the paper, that we have tried aluminium bronze compositions. The effect of using this 
varies very much, according to what is meant by aluminium bronze : whether it is bronze con- 
taining zinc, or a pure bronze with copper and aluminium only. Naval experience with the 
latter material certainly does not coincide with the author's statement that aluminium bronze 
corrodes more rapidly ; on the contrary, it has been found in some cases, where we have fitted 
oondensers with tubes of copper almninium, that corrosion ceased where we have not been able 
to explain its previous occurrence. In other cases it continued, but more slowly. If IVofeasor Cohen 
can successfully trace the causes, our troubles would soon vanish ; but these causes are by no means 
clear at present. There are many suppositions on the point, but, personally, I am certainly very 
much inclined to think that he has put bis finger on the right spot when he says that electrical 
leakage is one of the most important causes. In modern ships, the use of electrical motive power 
is increasing every day, and this means more possibilities of electrical leakage. There is no doubt 
that the corrosion, not only of condenser tub^, but of copper pipes and of bolte and . fastenings, 
has increased of late years, and is, at times, more rapid than was the case before. Whether we shall 
succeed in curing this trouble is quite another matter. As to the remedies which are proposed by 
the author, the tin coating is by no means new. Years ago, in the days of cast-iron condenser 
shells, we used to coat the tubes with tin. Then it was discovered that it was not much use coatmg 
the tubes with tin so long as the shelb were of cast iron. We then came to gun metal, or metal 
■helb, and the question was again considered : should the tubes be coated with tin ? As a 
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matter of fact, the difficulty here is very much a mechanical one. You cannot get a satisfactory 
ooating of tin all over the tubes, and if you have a tube coated with tin with one or two bare spots, 
you are worse off than if you have no coating of tin at all. As to the oxide of copper coating, 
that is a thing we have not tried ; hut in the case of copper pipes exposed to scouring action, there 
is a very strong tendency to get spots of corrosion, or of oxide, in the copper, and the immediate 
result of these, in an otherwise clean pipe, is that the pipe perforates very rapidly at these spots. 
Whether you could get a complete coating of oxide of copper on a pipe or not, I do not know ; but, 
as the author himself says, the practicability of the application is very much open to question. 
As to the nickel coating, there is very little experience to go on. I do not quite know how it is 
proposed to obtain the coating ot nickel, whether it is to be deposited electrically, or merely by a 
mechanical arrangement. Experiments are being made in America with what are called nickel 
tubes — that is, not pure nickel, but tubes of about 80 percent, of copper and 20 per cent, of nickel. 
I believe, however, that the experience there has not yet been sufficient to pronounce definitely as to 
whether anything is gained thereby. As to (d), the author suggests " an electrical connection between 
the copper or brass tubes and zinc or iron plat£s, which are suspended in the sea." There you have, I 
think, the only means that at present appear to be of any practical value, that is, the employment, 
in the condensers, of cast-iron or zinc plates in good metallic connection with the tube plates, and so 
placed that the circulating water passes as far as possible over those plates before it obtains access 
to the interior of the condenser tubes. TJp to the present, this treatment has proved to he reasonably 
satisfactory ; but, nevertheless, we are still troubled occasionally with mysterious cases of pitting. 
As to proposals (e) and (f), I do not quite understand the author. These conditions seem to me to be 
a little contradictory. Perhaps I may not be quite clear as to what is meant; but in one case it 
is suggested that the current should pass through the tubes, and in the other case that the tubes 
should be carefully insulated, and I do not know which is intended. In Navy condensers, which 
are secured with screwed ferrules and packing, the tubes are partially insulated in the tube plates. 
There are many points in this paper which, when investigated, may result in considerable advantage 
to our incomplete knowledge of the subject. 

Mr, F. TOMLINSON (Visitor) : My Lord and Gentlemen, from time to time I have had to 
invest^ate a great number of cases with regard to the corrosion and pitting of condenser tubes.' 
Some little time ago (on the instructions of my principals, the Broughton Copper Company) I drew 
up a graieral report on these various investigations, several extracts from which, with your 
permission, I will now read : — " In all cases of pitting and perforation that we have examined, it was 
found that the metal had been converted into oxy- or basic-chlorides of the metal or metals composing 
the tube, at the points where the corrosion had taken place. This is conclusive evidence that the active 
corrosive agent is chlorine. All condenser tubes in sea-going boats will corrode, and in those boats 
frequenting docks and harbours where the water contains much impurity both in solution and suspension, 
the oonxwiion and pitting are always active ; in some cases especially so. In ships which avoid 
foul water, the corrosion of the condenser tubes is found to be comparatively slight, and it takes place 
fairly evenly over the whole surface of the tubes, the destructive pitting being lately avoided. 
It b also requisite, for tubes to give such favourable results, that they should be worked under 
favourable conditions of management- The condenser must not be subjected to any stray currents 
of electricity, and no particles of metal, metallic oxides, or carbonaceous matter must enter with 
the coolmg water and be deposited on the surface of the tube. The galvanic action caused by such 
particles of foreign matter resting on the tubes decomposes the saline water by which the foreign 
particles are surrounded, thus liberating the active element chlorine, which speedily attacks the tube 
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with the too familiar disastrous results. Such particles of foreign matter naturally accumulate 
on the lower interior surface of the tube, generally about the middle of its length, which is ofteo 
covered with saline water even when the engines are at rest. This, in many instances, accounts 
for the corrosion being most severe on the lower interior surfaces of the tubea." The bad iniluence 
of oxide of iron, &c., inside condenser tubes, which sets up a galvanic action, has already been 
explained by a previous speaker (Mr. Edwards). " This galvanic and chemical action is greatly acce- 
lerated by heat : thus, we generally find the corrosion most severe in that part of a tube which has 
been unduly heated, for instance, by steam impinging directly on the tube. Where such corrosion 
has been traced to this cause, some alteration to the design of the condenser has prevented any 
further trouble in this respect. Further, if the condenser becomes connected to, or influenced l^ 
any electrical current, as is sometimes the case, the corrosion becomes more rapid." The effect of 
electrical currents on board ship has already been mentioned by Mr. Spyer in his remarks, and, in 
reference to this, I may quote a case in point of rapid failure of tubes which I investigated a few 
weeks ago. In thb case, it was foimd, although we were assured that the ship was wired on the 
two wire system throughout — that is, a complete lead and return — yet on makmg a connection 
between the condenser and one of the mains of the dynamo, we got practically a dead short circuit 
thus showing that there was what is known aa a bad " earth " somewhere in the cireuit. Anybody 
familiar with electrical wiring, knows that it is very easy to get an "earth" on the frame of a 
ship. " This acceleration of corrosion by electricity can be practically demonstrated experimentally, 
if a small piece of tube be partly or wholly immersed in salt water, and a current of electricity 
passed through the tube, or through the metal vessel containing the tube, when rapid corrosion 
will be set up." This is a simple experiment, and can easily be carried out, but it requires several 
weeks sometimes before this pitting takes place. A series of such experiments shows thb to be the 
case. When tubes corrode rapidly and fail, shipowners are sometimes naturally inclined to 
blame the tubes; but we find, on inquiry, "that in such cases of rapid failure of the whole or part 
of a set of tubes, other similar tubes, amounting often to many thousands, give excellent results, 
yet all these tubes were manufactured concurrently from the same lot of castings and the same lot 
of finest materials, and all underwent exactly the same process of manufacture. The natural question 
then arises, why do not these other thousands of tubes fail in a similar manner ? " I might mention 
that it is now possible to make a better tube by a new process, and that I have superintended the 
making of tubes by this process, in which the original fluid metal is subjected to great hydraulic 
pressure, and a hollow shell is forged from the solid billet by hydraulic pressure, by which 
means a denser and more homogeneous tube is obtained. Professor Cohen's experiment, 
showing the effect of zinc plates in the condenser, is very interesting. Zinc plates have been 
applied in practice for year& ; but he shows that there is a limit to the protective qualities of 
these zinc plates, as it is possible for the electrical resistence to get so great that the plates 
will not have the desired effect. Probably, this accounts for cases which have been experienced 
when these protective plates have been put in condensers, yet failed to eliminate the corrosion 
of the tubes. Professor Cohen recommends a thick coating of tin one millimetre thick on the tubes* 
An even coating so thick as this cannot be made by the ordinary dipping process, which leaves Ha 
coating only about ^ millimetre thick; but it can be accomplished by mechanical means, and 
here I might remark that, as tubemakers, we are always most desirous to assist in the advancement 
of any suggested improvements. Acting on this desire, on the receipt of a copy of Professor Cohen's 
paper, I made a brass condenser tube with an inside coating of tin of one millimetre thick, s 
sample of which I have here present. With tubes tinned by the ordinary dipping process, as Mr. 
Spyer remarked, there would very often be bare patches inside a tube. The presence of such bare 
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patches mokba the tinning worse than uaelees. Then, with regard to the question of niokel and copper 
alloy, an alloy of 15 or 20 per cent, of niokel copper for condenser tubes has been mentioned. Tubes 
of this and other alloys can be better made by the process I have previously named — hydraulic foiling. 
X have here one or two small samples of such tubes. Our thanks are due to Professor Cohen for 
hia very interesting paper. It has not eliminated the mysteiy of corrosion and pitting altogether, 
but it leaves a field for further research in this direction. What appear to be required are condi- 
tions of working xmder which there will be less tendency for tubes of any metal to corrode or pit. 

Professor Ernbt Cohen (Visitor) : My Lord and Gentlemen, X think it is not possible to answer 
all the questions that have been asked, but some of them I will endeavour to reply to. The first 
is that nickel tubes would be good for Uie purpose. I think a combination of nickel and copper 
would not keep, but I have heard that here in England nickel tubes are now made of pure nickel — 
nickel of 99'9 per cent. They are very expensive, costing, I think, seven or eight times as much 
aa brass or copper tubes ; but I know, for instance, of two ships which have been built at Rotterdam, 
and one of them has these nickel condenser tubes. One of the speakers said that aluminium bronze 
would not corrode so very strongly. I think he said aluminium bronze with some zinc in it. The 
aluminium bronze that I used was copper and aluminium — 5 and 10 per cent, aluminium. 
Then it has been said that tubes with tin coating are used, but I think that, unless the tin 
ooating is extremely thick, they will soon be corroded, and I think the best method with those 
tubes is to put on a veiy thick layer of the protecting metal. I do not know how it con be made 
in practice, but I have been told that it would be possible to put on a layer of tin of one 
millimetre in thickness. 

The Pbesidbnt (the Bight Hon. the Earl of Glasgow, G.C.M.G.): Gentlemen, I think you 
will join with me in a hearty vote of thanks to Professor Cohen for coming over here and reading 
this very interesting paper. 

The following communication has been received from Mr. C. H. Wingfikld (Member) : The 
author has dealt very ably with one cause of failure of condenser tubes : viz., corrosion on the 
surfaces next the circulating water. Their external surface — that next the steam — used to be 
attacked a good deal by fatty acids from the exhaust steam, and, though the use of mineral cylinder 
oils has largely reduced this trouble, it is not altogether unknown, especially in those parts of the 
tubes under the exhaust branches and those near the tube platee. It is possible that the latter 
local action is due to steam and actds, condensed on the tube plates, trickling down, and so 
attacking the tubes near their ends. If so, a flange might be screwed into the plates round each tube, 
so as to prevent any wet on the plate trickling on to the tube, Another trouble is that tubes 
will sometimes split without any apparent reason, thus causing leakage of salt water into the feed 
system. As this occurs notwithstanding a previous hydraulic t«st, it ia evidently due to some 
molecular change in the material. It occurs as often in tubes which have never been used as in 
those fitted in the condensers. I have been at some pains to ascertain, if possible, the conditions 
accompanying this change of structure, and I found it was always associated with damp in those 
instances which I was able to examine into. Brass tubes left standing against a wall will often 
be found after a few months to have split open at their lower ends if they are on damp earth, 
and, in one case, the split had extended tiiroughout the length of a condenser tube so placed.' Tubes 
of all sizes, from a | in. condenser tube to a }- in. water-gauge drain, have been under my observation, 
and, in nearly every case, the split at the lower end developed in course of time. The tendency of 
brass wire to become " rotten " is well known, and this also appears to be in some way due to damp. 
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Brass aheeta left stauding on edge often have to have their lower sides sheared off before they can 
be put to any useful purpose. It would aeem that condensers — like boilers—should be either wrt 
or dry, but never damp, if tubes are xised which are bo drawn as to be in a condition of stress tending 
to open an incipient crack. Certain batches of tubes appear to have a marked tendency to crack, 
and it is probable that, where this stress is not present, the tube might indeed become brittle by the 
action — whatever it is — of damp, but that a crack would not form. Tubemakers could probably account 
for this condition of stress, which causes a tube, when cracked, to open out. It is probably due to the 
final draw producing more compression on the inner than on the outer surface. If so, a modification 
of the dies or mandrels used should euro this annoying tendency. There is one point in the paper 
about which a little further information aeems desirable. The tubes in Fig. 4 (Plate XXIII,) are glass. 
Does the author mean to suggest (on page 219) that the action would have been the same, had they 
been of metal, as in the case of the circulating pipes of a ship ? I fear the electric current would, in 
the latter case, take the shortest circuit, and confine itself to the circulating pipes, or to the nearest 
exposed surface forming a jiart of (or in metallic connection with) the metal hull, and that it 
would not take the trouble tn go on its errand of protection to the condenser tubes at all, unless 
these are insulated from the condenser. Has the author obtained evidence from actual cases of 
the action described on page 219? In view of the above, it would seem di£Bcult to so apply the 
suggestions (d) and (e) on page 220, as to give adequate protection to the tubes. 
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METHODS OF HANDLING MATERIAL OVER SHIPBUILDING 
BERTHS IN AMERICAN SHIPYARDS. 

By WiLUAU A. FiiBBCSK, Esq., Member. 

[Read at the Spring Meeting of the Forty-third Session of the Inetitntion of Naval Architects, 
March 21, 1902 ; the Right Hon. the Earl of Glasgow, 6.C.M.G., LL.D., President, in the Chair.] 



SmpBTTiLDiNa as an industry in the United States has made wonderful progress during 
the past few years. Ten years ago there were only two shipbuilding plants in America 
capable of building an armourclad or a very large merchantman, whereas now there 
are seven yards building big armourclads, and three other yards occupied with the 
construction of merchant vessels over 650 ft. in length. At the present time there are 
in successful operation twelve shipbuilding plants on the sea coast of the United 
States, each of which is capable of building the largest naval or merchant construction, 
and there are seventeen other well-established yards on the east and west coasts for 
vessels of average size. On the Great Lakes there are nine yards, capable of building 
the largest class of Lake vessels, and five other yards that can successfully build average 
Lake ship construction. 

Previous to the construction of the Atlantic mail steamships St. Louis and St. 
Paul, built at the yard of the William Cramp & Sons Ship and Engine Building 
Company in 1893, no large merchantmen had been built in the United States ; and 
until three years ago no other big merchant vessels, esclnding the above Ameri- 
can liners, had been contracted for, the three yards — William Cramp & Sons, 
Union Ironworks, and the Newport News Shipbuilding and Dry Dock Company — 
having had practically the monopoly of large vessel construction, which consisted 
principally in the building of nine battleships of from 10,250 to 11,500 tons displace- 
ment each. To-day, however, the biggest cargo carriers, passenger steamships, and 
naval vessels in the world are being built in America, and among the merchant 
vessels, seven large Atlantic and four Pacific liners are worthy of special mention. 
The construction has been spread and well distributed throughout the yards of 
the country. The older, well-established plants, capable of handling such vessels, 
have been taxed to their utmost capacity. Other shipbuilding companies have 
much improved and enlarged their plants, embracing the opportunities presented, 
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and other new shipbuilding yards have been established to take their share of the ship 
construction work, the demand for which is the outcome of the expansion policy of the 
present Bepublican Administration. To-day, therefore, the conditions in the United 
States are vastly different from what they were a few years ago. There are a great 
many more shipyards, and the majority of these are now building vessels each weighing 
abont three or four times as much as those built in America a decade ago. 

The great Increase in the number of shipbuilding plants in the United States 
during the past few years has caused keen competition, this being particularly evident 
on the Great Lakes previous to the consolidation of the largest Lake yards, and on the 
coast whenever Government work is advertised. 

Until a few years ago the old method of erecting wooden derricks alongside the 
shipbuilding ways for lifting on board and erecting hull plates and shapes gave evident 
satisfaction, but of late years competition has necessitated more economical and more 
rapid methods of construction, and the increase in the size of vessels built, together 
with the corresponding increase in the weight of individual members of hull 
construction, has, in many instances, made a more approved system of handling 
material over shipbuilding ways aa absolute necessity. 

It may be well to here state that one of the causes for crane service over large 
shipbuilding ways in Europe, viz., the handling of power riveting tools, has not 
affected in the shghtest degree the desire for overhead cnme service over 
building berths of American yards. Whereas the largest hydraulic riveters that have 
been extensively used in European ship construction weigh about seven or eight tons, 
the weight of the present pneumatic tools used in American yards to do the same work 
is insignificant, and the most modem practice in the United States is such that power 
hoisting, lowering, and general handling of tools is practically never required. Deck and 
tank riveters, reamers, and drills are wheeled to their work. Very few yoke riveters 
are used, and riveting hammers, holders-on, chipping and caulking hammers, drills, 
reamers, Ac, can all be readily carried by the workmen. No yoke riveters are being 
used on the largest and heaviest vessels now building in American yards. For instance, 
the Great Northern Steamship Company's two big vessels, building at the yard of the 
Eastern Shipbuilding Company, at New London, Connecticut, are being riveted 
throughout with jam and long stroke riveters. The vertical keel, longitudioals, and 
part of the frames have been riveted with jam riveting machines weighing only 36 lbs. 
each. Other parts of the frames, the bulkheads and casings, and the shell sides, have 
been riveted with long stroke hammers weighing only 24 lbs. each. The decks and 
tank tops have been riveted with the carriage riveters that weigh, all told, from 130 to 
200 lbs., the weight of the carriage, which varies from 80 to 150 lbs., being included in 
this figure. With this machine there is no weight whatever on the operator, 
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the machine being wheeled to its work. The bottom of the shell has been riveted 
with a jam shell riveter that weighs 147 lbs., all told, the hammer and ball 
weighing 66 lbs. With this arrangement also there is practically no load on the 
operator. The reamers and drills weigh about 38 lbs. each, and those fitted with angle 
attachment 44 lbs. each; the chipping and caulking hammers vary in weight 
from 9 to 11 lbs. each. The general method of ship riveting at the yard of the Eastern 
Shipbuilding Company is very similar to that being adopted in other American yards, 
for compressed air is the power used throughout the country for this purpose, and the 
weights above quoted are sufficient to prove that the handhng of power riveting 
machines, &c., has had practically no influence on the need of crane service over the 
shipbuilding ways of American shipyards. 

There are now in satisfactory operation in American shipyards the following types 
of crane or trolley service feeding the building berths ; — 

(1) Cantilever cranoB. 

(2) Gantry cranea. 

(3) Gantry cranes with single cantileTer extension. 

(4) Gantry cranes with doable cantilever extension. 

(5) Ship hoose, roofed over, with crane service. 

(6) Ship house frame, no roof, with crane service, 

(7) Wire rope cable trolleys. 

(8) Locomotive cranes, standard type, on tracks alongside berths. 

(9) Locomotive cranes, derrick type, on tracks alongside berths. 

The following ia a list of the principal American shipbuilding plants, giving the 
type of crane service over shipbuilding berths in operation at each yard : — 



American Shipbnilding Co., Lorain, 

American Steel Barge Co., West Superior, Wis. ... 
Bath Iron Works, Bath, Maine 

Cramp, William, & Sons, Philadelphia, Pa. 
Cleveland Shipbnilding Co., Cleveland, 0. 

Crescent Shipyard, Elizabeth, NJ 

Cfaica^ Shipbuilding Co., Chicago, III 

Cra^ Shipbuilding Co., Toledo, 

Delaware River Iron S.6. Co., Chester, Pa. 
Detroit Shipbuilding Co., Detroit, Mich 

Eaatern Shipbuilding Co., New London, Conn. ... 
Fore River S. & E. Bnildlng Co., Quincy, Mass. 

Globe Iron Works, Cleveland, 

Harlan & HoUingsworth Co., Wilmington, Del. ... 

Maryland Steel Company, Sparrows Point, Md 

Moran Bros. Co., Seattle, Washington 



Brown electric gantry crane. 

Wellman-Seaver cantilever crane. 

Ship house, roofed over, with crane service, and wire 

rope cable trolley. 
Brown cantilever electric cranes. 
Brown hand-power gantry cranes. 
Swing boom derricks with steam winches. 
Brown cantilever crane. 
Electric gantry cranes. 
Swing boom derricks with steam winches. 
Brown cantilever crane originally fitted at West 

Bay City yard. 
Wire rope cable trolleys. 
Ship house, roofed over, with crane service. 
Swing boom derricks with steam winches. 
Gantry crane with cantilever extension. 
Locomotive cranes, derrick typo. 
Ship house with crane service. 
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Neafie A Lev; S. & E. Bailding Co., Philadelphia. Swing hoom derrickB with ateam winches. 

Newport News S. & D.D, Co., Newport Newe, Va. Brown oantlleTer electric crands. 

New York Shipbuilding Co., Camden, N.J. ... Ship hoose, roofed over, with crane serrice. 

Risdon Iron Works, San Francisco, Gal No crane service decided on as yet. 

Sewell, Arthnr, & Co., Bath, Maine LocomotiTe cranes, standard tjpe on tracks along- 

side berths, also swing boom derricks with 
winches. 

Towasend & Downey S. & R. Co., New York ... Cable system proposed. At present swing boom 

derricks with steam winches. 

Trigg, William R., Co., Richmond, Va Gantry cranes with cantilever extenaion bnilding. 

Temporary wire rope cables now in operation. 

Union Iron Works, San Francisco, Oal Ship house frame, no roof, with crane service. 

Union Dry Dock Co., Buffalo, N.Y, Wellman-Seaver gantry crane, with double canti- 

lever extension. 

Wheeler, F. W., West Bay City, Mich At time of consolidation of Lake yards, had one 

Brown gantry crane, with single cantilever 
extension, and one Brown cantilever crane. 
The latter has since been slightly modified and 
moved to Detroit. 
NOTB. — Several of the above-mentioned Lake yards are now known, since the consolidation, as the 

American Shipbuilding Company ; but in the above list it has been considered desirable to give the 

shipbuilding plants their old and better known names. 

We will now describe the various methods of handling material in use in America 
over shipbuilding berths under the headings and divisions before mentioned. 

(1) CANTn^BVEB CbAMES. 

At the plant of the William Cramp & Sons Ship and Engine Building Company, 
Philadelphia, is installed an equipment of Brown cantilever electric cranes, de- 
signed and built by the Brown Hoisting and Conveying Machine Company, Cleveland, 
Ohio. At present three complete cranes, covering six shipbuilding berths, are in 
operation, and a fourth to cover two other building slips is contemplated. Each crane 
is mounted on a trestle, built entirely of steel, efficiently trussed and braced. The 
columns are pinned at top and bottom to the bridge trusses and foundations. At the 
centre of each trestle are two main diagonal struts for bracing and holding the runway 
longitudinally. These are pinned together, and to the trestle at their apex, and to 
the foundations at their bases, thus making the centre of the trestle a fixed point from 
which expansion and contraction may occur in either direction ; the pinned connections 
with the vertical columns, together with the omission of longitudinal diagonal braces 
between columns, allow flexibility and motion due to variation of temperature. The 
illustrations (Plates XXIV. and XXV., and Fig. 1, Plate XXVI., and Fig. 1, Plate 
XXVII.) show the general arrangement and construction of these cantilever cranes. In 
the panoramic view of the plant (Plate XXV.), Cranes Nos. 1 and^2 only are shown. 
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Under Crane No. 1, shown near the centre of the picture, are building the "U.S. 
battleship Maine and the Russian battleship Retvizan. Crane No. 2, shown 
on the left, was erected between the large south merchant shipbuilding berths, 
and two 12,000 ton International liners, the Kroonland and Finland, are now being 
constructed under the samB. Crane No. 3 has reciutly been built between two 
building berths at the nortb end of the yard, and Crane No. 4 has not yet been 
installed, but it is proposed to locate it between Cranes Nos. 1 and 3. 



The following Table shows the relative sizes and capacities of these cranes-r — 


Cr.iiBX... 


■■ 


2. 


H. 


1 

4. 


Length of trestle 


647 ft. 


725 ft. 


664 ft. 


582 ft. 


Height nnder crane 


9311.610. 


93 ft. 6 in. 


95 ft. 


85 ft. 


Overall length of crane 


.202 ft. 10 in. 


202 ft. 10 in. 


168 ft. 10 in. 


143 ft. 10 in. 


Maximnm beam of Bhips on ways 


76 tl. 


76 ft. 


66 ft. 


.54 ft. 


Gange of track on trestle 


20 ft. 


20 ft. 


14 ft. 


14 ft. 


Distance from crane down to track 


I 33 ft. 


33 ft. 


22 ft. 9J in. 


22 ft. 9} in. 


Distance between colamns fore and aft 


i 41ft. 


41ft. 


41ft. 


41ft. 


Length of bEise of compression triangle 


82 ft. 


82 ft. 


82 ft. 


82 ft. 


Lift at extreme travel of trolley 


9,000 lbs. 


9,000 lbs. 


6,000 lbs. 


8,000 lbs. 


Maximnm arm of crane 


1 9.') ft. 


95 ft. 


78 ft. 


65 ft. 6 in. 


Stated load 


23,000 lbs. 


2.i,nOO lbs. 


20,000 lbs. 


20,000 Iba. 


Extreme designed arm to carry above load ... 


60 ft. 


60 ft. 


46 ft. 


39 ft. 6 in. 



The carriage for each crane is driven by electricity ; the motor, with necessary 
drums, gearing, and friction clutches for giving all the functions of the crane and trolley, 
is under the control of a single operator. The speeds of the cranes are all the same, 
being as follows : — 



Hoisting foil load ... 
Hoisting one-third load 
Hoisting 1,000 lbs. load 
Trolley, transverse travel 



125 ft. per minute. 
350 ft, per minnte. 
7.^0 ft. per minnte. 

400 ft. to S0(1 ft. per minute according to load. 
Crane, longitudinal travel... 400 ft, to 700 ft. per minute, depending upon load and wind 
preesare. The minimum of 400 ft. per minnte is with full 
load and against a pressure cansed by a steady wind with 
velocity of ;iO miles per hour. 

H H 
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For longitudinal track travel of the crane, power is transmitted from the electric 
motor, which is of 85 H.P. /or the larger cranes, through bevel gears and shafting to 
the driving gears on the truck, which is controlled by suitable brakes and clutches. 
The transverse travel of the trolley along the cantilever arms is accomplished by the 
revolving of two drums winding wire rope connected to the trolley. These two drums 
are on one shaft, which runs always in the same direction. When one drum is thrown 
into gear with the driving shaft, the other is disconnected and remains idle, so that 
when one winds, the other "pays out." The drums are kept in the same relative 
position to one another by the use of a return loop or a small wire rope, which is 
T/ound in an opposite direction to the ropes connecting the trolley. The hoisting is 
accomplished by a single drum ; the lowering is by gravity alone, governed 
by brakes. The resultant force of the crane under the load is kept within the 
proper limits by the use of a counterweight running on a track along the cantilever 
arms and above the hoisting trolley. It is connected by ropes to the trolley, 
so that it automatically takes a position on one arm of the crane, corresponding to the 
position assumed by the hoisting troDey on the opposite arm. For unusually heavy 
loads, an additional weight can be readily added to the normal counterweight. This 
dead balance weight can also have its arm adjusted when it is desired to hoist very 
heavy loads. This range adjustment is easily accomplished. When the trolley is 
brought to the centre of the crane, the counterweight automatically comes to the same 
transverse position. The weight is then disconnected from the ropes which connect it 
to the hoisting trolley, and the trolley moved out to a certEiin dimension, say 45 ft., on 
the crane arm, opposite to that on which the heavy load is to be lifted. When the 
hoisting trolley is in this desired position, the counterweight is re-connected to the 
trolley by means of the wire ropes above-mentioned. This operation occupies but a few- 
minutes. If the heavy load is to be lifted at a point, say, 46 ft, from the centre of the 
crane, the readjustment of the counterweight will be such that, when the lifting trolley 
arrives at its point of hoist, the counterweight will in this case be 90 ft. from the 
centre of the crane on the opposite arm to the hoisting trolley ; for, the travel of the 
trolley and counterweight being the same, the trolley has travelled from, say, 45 ft. out 
on the port arm to 45 ft. out on the starboard arm, a distance of 90 ft., while tho 
counterweight has travelled 90 ft. out on the port arm of the crane. 

The crane carriage is built with a large open platform for storing a load of plates, 
&G., while the crane is at the upper end of the ways near the plate shop or punch shed. 
When the load is aboard, the crane is moved down the trestle, and the trolley delivers 
each piece at its proper place. Heavy loads are picked up by the trolley and carried 
directly to their allotted place. 

In the design of cranes, built for duty at the Cramp yard, wind area has been 
reduced as much as is consistent with strength and durability. The trestle has been built 
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with posts 41 ft. between centres, leaving a free and clear space for storage and railroad 
tracks, and the intention has also been to build trestles that would not interfere with 
the handling of material in the vicinity of the cranes. The Cramp Shipbuilding 
Company operated their Crane No. 1 for a year before they placed the order with the 
Brown Company for Crane No. 2. Their continued orders for these cranes is a positive 
proof that they consider them very desirable and profitable acquisitions to their ship- 
building plant. Crane No. 1 had an unusually busy initiation to the Cramp yard, as it 
w&s called upon to deliver, not only the greater part of the material to the battleships 
Metvizan and Maine, but also a great deal of material to the Russian cruiser Variag, 
building on the next set of ways, the material being pulled over to the cruiser by auxiliary 
engines, as the material was suspended from the crane hook. The stern post of the 
Betvisan, weighing 18 tons, was placed in position in twenty minutes by the Brown 
crane above mentioned, this period of time including taking it from the cars at the 
front end of the yard. After the launch of this battleship, the same crane, with but 
a few men, cleared the ways in four hours. 

At the yard of the Newport News Shipbuilding and Dry Dock Company, Newport 
News, Virginia, there are six sets of building ways, between each pair of which is a 
trestle carrying an electric cantilever Brown crane, which supplies the required 
material to the two building berths between which the crane runway is located. These 
cranes were also designed and built by the Brown Hoisting and Conveying Machine 
Company, and are of the same general t3^e as the Cramp cranes. The following 
dimensions and data concerning these three cranes may be of interest : — 

Length of trestles 733 ft. 

Height nnder cranps at after end 110 ft. 6 in. 

Over-aU length of ct-aneB 187 ft. 4 in. 

Gauge of track on trestles ... ... 20 ft. 

Distance from cranes down to ti-ack 32 ft. 

Lift at extreme travel of trolley 9,000 lbs. 

Maximum arm of crane 8'J f t. 

Stated load 25,000 lbs. 

Extreme designed arm to carrj' abovo loiid 5o f t. 

The speeds of the above-mentioned cranes, which are illustrated on Plate XXVJ., 
Figs. 2 to 6, and Plate XXVII., Fig. 2, are as follows :— 

Entire crane along mnway, with load of 9,000 lbs., 89 ft. ont from centre, 

750 ft. per minute. 
Entire crane along runway, with load of 25,000 lbs., 55 ft. out from centre, 

690 ft. per minate. 
Hoisting fall load— 25,000 lbs.— 200 ft. per minute. 
Hoisting empty hook, 400 ft. per minnte. 
Trolley transverse travel, 400 ft. to 800 ft. par minute. 
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The Newport News Company have a fourth Brown cantilever crane, which was 
originally operated upon a wooden trestle in the space now occupied by the new dry dock. 
The trestle was removed, building berths abandoned, and, as yet, the crane has not 
been re-installed for service over building ways. This pioneer crane was steam driven 
and possessed the following characteristics : — 



Height under crane 

Over-al! lengthof cmne 

Gauge of track on trestle 

Distance from crane down to track 

Lift at extreme travel of trolley 

Maximum arm of crane 

Stated load 

Extreme designed arm to carry above loiid .-- 



75 ft. 
13C ft. 4 in. 
Uft. 
ICft. 

6,000 lbs. 

04 ft. G in. 
20,000 lbs. 

:iOft. 



The trestles forming the runway of the Brown cantilever cranes at Newport 
News are of interest. There are three at present in successfnl operation. One is 
built of wood throughout, trussed and braced by struts and diagonals, but the other 
two have been built of steel by the American Bridge Company, of Edge Moor, 
"Wilmington, Delaware. These steel trestles are different from the Brown designed 
and built trestles, such as are fitted at the Cramp and other yards, inasmuch as the 
tracks are carried by solid plate girders 72 in. deep by | in. thick, instead of the usual 
trusses below the tracks. The Newport News trestle girders are stiffened vertically by 
4 in. by 3 in. by i\ in. angle bars, with 5 in. by 31 in. by y^ in. bars at butts. The 
top and bottom angles are 6 in. by 4 in. by J in. double. These girders are placed 
vertically, and held to their work 20 ft. apart, at both top and bottom, by 3A in. and 
4 in. angle bars Vn in. thick, diagonally braced with 4 in. by 3 in. by ^\ in. bars. 
These same distance pieces and trusses are braced by 3 in. by 3 in. by ^\ in. angle 
bars. There is in the centre panel of the trestle, under each girder, a large A brace 
extending upward from the foot of one column to the centre of the panel, and down to 
the foot of the next column, somewhat similar to the Brown trestles, but in this case 
the compression struts are formed of 12 in, by /,; in. steel plate, backed with four 6 in. 
by 4 in. by -^,; in. angle bars. At the forward end of the trestles a wide-spaced panel 
is located, the base measuring 69 ft. instead of 41 ft. G in. as elsewhere. This forward 
panel is also diagonally braced with compression members, formed of 24 in. by i in. 
plates and four 6 in. by 4 in. by -J in. angle bars. The trestle columns consist of 
angle bars 3 in. by 3 in. by /,; i^-i beld 22 in. apart by means of flat diagonal bars. 
These trestles are well braced. The length of the trestles from centre to centre of 
end columns is 733 ft,, and the height above ground on the forward end is 70 ft. 6 in., 
and on the after end 73 ft. 6 in. The length of the base of the compression triangle 
in the centre panel is 83 ft. The columns rest on, and are efficiently secured to solid 
piers of masonry capped with steel plates. 
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In this connection, it may be well to briefly mention the steam rotating 
and travelling Brown cantilever crane, which has proved so valuable in the 
material storage yard. This crane is illustrated on Plate XXVI., Fig. 5. It has a 
capacity of 6,000 lbs. on a maximum arm of 65 ft. The over-all length of crane is 
131 ft. ; height of crane above track, 30 ft. ; width of track, 18 ft. 10 in. 

The plant of the American Shipbuilding Company, South Chicago, Illinois 
{formerly Chicago Shipbuilding Company), is equipped with a Brown steam cantilever 
crane, of the general type above described and illustrated. In this yard vessels are 
built on a level keel, or flotation line, and launched sideways. Figs. 3 and 4, Plate 
XXVII., show the general arrangement and location of the crane in relation to one of 
the building berths and the punch shed. This crane has a capacity of 20,000 lbs. on a 
25 ft. arm. On its maximum arm of 57 ft. 6 in., the designed full load is 6,000 lbs. 
The over-all length of crane is 119 ft. 10 in. ; the height of trestle above ground is 
32 ft. 4 in. ; distance from under side of crane down to runway track is 16 ft., 
making the crane 48 ft. 4 in. above the ground ; the gauge of track is only 11 ft. 

Another cantilever overhead travelling crane of the Brown type was fitted a 
few years ago at the yard of F. W. Wheeler Company, West Bay City, Michigan, and 
was placed in the same line as, and end to, a Brown gantry crane with single cantilever 
arm — this latter crane will be described later. When the large Lake yards were con- 
solidated, and the American Shipbuilding Company formed, the West Bay City 
cantilever crane was moved to the plant of the Detroit Dry Dock Company, Detroit, 
Michigan, and its overhang increased. This crane, as originally fitted at the Wheeler 
yard, wae operated by steam and had the following characteristics : — 

Over-all length of crane 144 ft, ;^ in. 

Maximuia arm of crane (57 ft. (J in. 

Height of crane above runway track 15 ft. lU in. 

Height of crane above ground .^9 ft. 

Gange of track 15 ft. 

Designed load on maximum arm S,0!K) lbs. 

Stated load on arm of 42 ft. ti in 25,000 lbs. 

Since the crane was moved to the Detroit yard the arm has been lengthened one 
panel, and the capacity of the crane at extreme arm has been reduced to 6,000 lbs. The 
crane is now operating on a wood trestle 500 ft. long, whicih was moved from West Bay 
City with the crane. This wood trestle, together with the original crane, is shown on 
Plate XXVIII., Fig. 1. 

The crane service of the American Steel Barge Company, now known as the 
American Shipbuilding Company, at West Superior, Wisconsin, illustrated on Plates 
XXVIIL, Fig. 2, and XXIX., Fig. 1, was designed by the Wellman-Seaver Engineering 
Company, Cleveland, Ohio, -and the structural work was built by the Shipbuilding 
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Company. This system consists of an elevated steel track, or runway, extending 
the fall length of the shipyard between two building berths, and mounted on 
this runway is a cantilever crane, which traverses the full length of the runway. 
By means of this arrangement, the material is transferred from the end of the 
yard, where it is delivered from the shops^ to its place on the vessels with a 
very small amount of handling. The runway is of a very massive type, 420 ft. 
long, 36 ft. high, with 18 ft. crane track gauge. It is braced to withstand crane 
stresses. The lower portion of the runway is arched to provide for a railroad 
track down through the centre. From this track the material can he picked up 
by the overhead crane, and delivered where desired on the ships. A point of 
interest in the construction of the crane is the double runway between which 
the wheels of the crane travel, and by means of which the overturning of the 
crane on the runway is prevented. The crane is 170 ft. long from end to end of 
arms, 55 ft. high from top of raU to underside of crane, and has a lifting capacity 
of 30,000 lbs. half way, or 40 ft. out on the arms, and 10,000 lbs. at the extreme 
end of the arms, which Is 80 ft. out. The crane has a lifting speed, full load, of 
30 ft. per minute, and a traverse of the trolley on the crane of 400 ft. per minute, 
and of the crane upon the runway of 300 ft. per minute. It will be noticed that 
the vessels built at West Superior are launched sideways, the runway being midway 
between, and parallel to, the launching creeks. The runway is, therefore, designed to 
supply permanent scaffolding for one of the sides of each of the vessels building. This 
crane service has given excellent satisfaction. Electricity is the motive power adopted. 

(2) Gaktky Cbanes. 
Gantry cranes without cantilever extensions are not popular with American ship- 
builders. If the trestle work of a crane is built of wood, it is natural that the 
trestle should form scaffolding and staging uprights, therefore an extension on the 
gantry, so as to hoist material clear of the trestle work and staging, becomes necessary. 
If the runways of the cranes were of steel or wood, placed so fox from the vessel building 
that staging uprights had to be placed between the trestle and the ship, then a 
cantilever extension would not be necessary, or even desirable, providing that sufficient 
space was left for hoisting material between the trestle and the staging uprights, but 
such an arrangement would be expensive, and occupy much valuable room. The 
Harlan & Hollingsworth Company, many years ago, built a gantry crane and operated it 
upon wood trestles in that form for many years, but they have recently added to it a 
very desirable cantilever arm. The gantry cranes with single cantilever extension, 
now in use at the yards of the Craig Shipbuilding Company, American Shipbuilding 
Company, and William R. Trigg Company, are practically gantry cranes, the cantilever 
arms being very short. All these cranes, however, will be described under the next 
division. 
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(3) Gantry Cranes with Single Cantilever Extension. 

At the yard of the Craig Shipbuilding Company, Toledo, Ohio, there are in 
successful operation two electrically operated gantry cranes with short single canti- 
lever extension, the extension arm being merely sufficient to hoist steel material clear 
of the crane runway on the side opposite to the building berth. The length of the 
trestle, upon which these gantry cranes operate, is 450 ft., the span of the gantry is 
56 ft., the height of the truss of the crane above the ground is 61 ft., and the distance 
from ground to the top of runway is 35 ft. The gantry track is horizontal and 
perfectly level. The vessels are constructed with the keel level, or with whatever 
drag they are going to have at their designed line of flotation, and all are launched 
sideways. Fig. 3, Plate XXVIII., Figs. 2 and 3, Plate XXIX., and Figs. 1 and 2, Plate 
XXX., show the general design of these cranes, and also one of the cranes installed 
over a steamer building for San Francisco owners, and the launch of the steamer 
Buchmar built for Boston owners. With this type of gantry and trestle work 
it will be noticed that the outboard trestle work and track must be removed at 
the time of a launch. The view of the launch of the Buckmar shows the 
trestle work and staging lying in the water. The Craig Company state that 
the removal and re-erection of the trestle is not an expensive matter, they having 
found that the entire cost does not exceed $75 for a 250 ft. vessel, and some staging 
uprights have always to be removed before a launch, even if no crane service is 
installed. The trestles are erected on piles and topped by 5 in. by 12 in. timber, 
with a 3 in. opening between them, so that the spauls and bearings for the staging 
can be placed at any height by adjustable bolts. The stringers topping these uprights 
are 12 in. by 14 in., fitted with 30 lb. railroad bars. 

The crane has a track gauge of 8 ft. At the base the trestle spreads to 12 ft. 
The outboard trestle is 6 ft. wide throughout. The gantries were designed and built 
by the King Bridge Company, of Cleveland, Ohio. The designed capacity of these 
cranes is 10,000 lbs., but, as the majority of the loads to be handled range from 1,000 
to 4,000 lbs., it was desirable to build cranes so that the lighter loads could be bandied 
much more quickly than the heavier loads. With this in view, the fall block and 
carriage is built so that the rope reeving could be readily changed from two-part line 
to four-part line. The crane travels along the trestle at a speed of 200 ft. per minute. 
It has a conveying speed of 600 ft. per minute, and a hoisting speed on four-part line 
of 50 ft. per minute, and on two-part line of 100 ft. per minute. All the movements of 
each crane are controlled bj' one 30 H.P. motor, located in operator's houSe, the 
motion of crane along the trestle being accomplished by means of a clutch. The 
levers are all assembled in one rack, so that the operator can have a view of the fall 
block at all limes. The approximate cost of the truss crane, motor, blocks, and wire is 
S10,000. Mr. John Craig, President of the Craig Shipbuilding Company, speaking 
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about these cranes, said : — " We think that this is the best kind of crane to be used, 
particularly if the vessel it covers is to b3 launched sideways. After using this type 
of crane for nearly ten years, we do not know of anything that is equal to it for the 
purpose, and the probability is that in the near future we will build another crane 
for the same trestle, whose capacity would not he over 3,000 lbs., as in the construc- 
tion of Lake vessels we have so many lifts of about that weight and less, that one 
heavy crane is hardly sufficient to do all the hoisting that is to be done on 
one of our 6,000 ton Lake vessels, and yet launch her in four months from the time the 
keel is laid." 

There is a Brown electric gantry crane over each building berth at the plant of the 
American Shipbuilding Company, Lorain, Ohio, of the same general tj^e as that in 
successful operation at the Craig yard, Toledo. There are three longitudinal tracks, 
comprising two runways, upon which the entire crane travels, two tracks on a trestle 
on one side of the ship's berth, and one track on a trestle on the other side. The 
mechanism for hoisting, travelling, and trolleying is in the house carried on the pier 
of the double track end of the crane. The clear span of these structures between 
supports is 58 ft. 6 in., and the cantilever extension is 14 ft., making the total length 
of the bridge tramway on which the trollej' runs 72 ft. 6 in. The working capacity of 
these cranes is 14,000 lbs., and they will hoist this load at the rate of 30 ft. per minute, 
and will trolley across the bridge with full load at 250 ft. per minute, while the whole 
crane, with full load, can be travelled along the tracks at from 300 ft. to 400 ft, 
per minute. A single electric motor is used for each crane, operating through friction 
clutches, as in the ordinary machinery of this tj-pe. The operating levers are arranged 
in the upper part of the house, and so located that one operator can control the 
different motors at one time, if desired. These cranes are so arranged that the span can 
be reduced by units of 2 ft., by disconnecting the single pier and moving it, together 
with its supporting track, 2 ft. nearer to the double pier. This is desirable in places- 
where the ships are launched sideways, as is usual on the Great Lakes, and where the 
outer trestle is movable and used for scaffolding, or as staging uprights, as well 
as a support for the crane. This crane is illustrated on Plate XXXL, Fig. 1. 

At the works of the American Shipbuilding Company, Cleveland, Ohio, better 
known as the Cleveland Shipbuilding Company, hand-power gantry cranes with short 
cantilever arms, similar in general characteristics to those before described, have been 
giving" satisfaction for years. These cranes were in satisfactory operation when the 
Cleveland Shipbuilding Company's new plant at Lorain was built, and the band -power 
Cleveland gantries are really the forerunners and experimental predecessors of the 
Lorain electric gantries. The Cleveland gantry cranes, which are illustrated on Plate 
XXXL, Fig. 2, were designed for a capacity of 3,000 lbs., with a span between supports- 
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adjustable from 46 ft. to 53 ft. The tramway, over which the whole crane travels, can 
be of any required length. The mechanism for hoisting is fixed on a platform carried 
on two tracks under one end of the bridge, and upon the platform the operators stand. 
Steel wire ropes are used throughout. Provision is made for the front sheer leg, 
running on a single track, to tip or tilt to accommodate itself to any changes in 
alignment of the track, without increasing the friction or straining the crane. The 
whole crane may be run on a curved track. There are four speeds for hoisting, four 
for travelHng across the bridge, and two for moving the load and crane along the tracks 
on which it is mounted. The entire crane on longitudinal tracks with load has a speed 
of from 70 ft. to 120 ft. per minute. The trolley speed across the gantry bridge is from 
100ft. to 200 ft. per minute. Two men can hoist 2,000 lbs. at a speed of 10 ft. per 
minute. 

The William K. Trigg Company, of Richmond, Virginia, are now installing at 
their yard three gantry cranes with short single cantilever extension arms, exactly 
sinailar in type and general design to those described at the Craig Shipyard. These 
cranes are electrically operated. They will run on wood trestles, which form the side 
staging scaffolding, and, as all the Trigg vessels launch sideways, the outboard trestle 
work will be removed when each vessel is launched. The trolley on the cantilever 
crane arm will hoist the steel material or load to be lifted from flat cars, which will be 
moved by locomotive cranes on railroad tracks parallel to the building berths. Two 
of these gantry cranes will have a span of 50 ft. each, and a trestle track length of 
500 ft., the third gantry having a span of 60 ft., and a trestle length of 700 ft. Each 
crane will have a designed capacity of 14,000 lbs., a hoisting speed, light load, of 
500 ft. per minute, and a speed of crane travel along trestles, loaded, of 300 ft. per 
minute. It is interesting to note that the Trigg Company operate the only ship- 
building yard of any size on the sea coast of the United States where the vessels 
built are launched sideways. They have been driven to the Lake custom on account 
of location of their plant and the depth of water ; therefore, it is but natural that 
the crane service in the Trigg yard should be very similar to that which has been found 
to be so satisfactory among Lake shipbuilders. 

Several years ago the Harlan and HoUingsworth Company, of Wilmington, 
Delaware, fitted an iron gantry crane travelling on wood trestles over their large No. 3 
ways. It was originally intended to make the trestle, or framework supporting the 
gantry track, so that the width or span of the crane could be increased should occasion 
arise ; but as such a change necessitated other serious changes in the gantry of a 
more expensive nature, the idea was abandoned. The gantry crane has recently been 
improved by the very desirable addition of a cantilever arm, well trussed and braced, as 
shown on Plate XXXI., Fig. 3. The crane is electrically operated, and has a speed of 
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150 ft. per minute on the track, and 60 ft. per minute hoist. The designed dead load 
capacity of the gantry is 10,000 lbs., and of the jib or cantilever hoist 5,000 lbs. The 
runway for the crane is 500 ft. long and 50 ft. track gauge. The front posts, those 
directly under the track, are 5 in. by 8 in. timber double, with 3J in. between 
them. The back posts are 4 in. by 8 in. The diagonal braces are 8 in. by 3 in., and 
the cross strut 8 in. by 8 in. yellow pine, all firmly bolted together. The sills on which 
the track is laid are 16 in. square. The whole structure is built on piles 14 ft. 
centres each way. The cantilever arm extends out 45 ft. beyond the gantry proper ; 
the distance of the gantry track above ground is 45 ft., and the distance from the track 
to the hook of the crane is 25 ft., making the total height of the hoist 70 ft. from 
the ground. This gantry crane, as originally built, was used for many years with 
success, but in this modified form it is said to give perfect satisfaction. The Harlan 
and Holhngsworth Company launch their vessels stern first, or " end on." 

One of the best examples of a real gantry crane, with single cantilever ex- 
tension, is that now in operation at the American Shipbuilding Company's plant 
at West Bay City, Michigan. This crane was designed and built hj the 
Brown Hoisting and Conveying Machine Company twelve years ago. It is steam 
driven, and runs on a wood trestle. The steadying end of the gantry travels 
on a track close up to the punch shed's open side, while the main gantry crane 
track is on a trestle close to the building berth, the trestle framing forming staging 
supports. The crane runs the length of the punch shed, picking material up from any 
part of the shop front, and trolleying it to any part of the ship, being built in the berth 
that is covered by the cantilever arm of the crane. Only one building berth is covered 
with this arrangement, and the vessels launch sideways into a creek. Plate XXXI., 
Fig. 4, shows the general arrangement of the crane, shop, and building berth. 

(4) GrANTBT CbANEB WITH DoUBLE CaMTILEVEB ExTEHSION. 

At the shipyard of the American Shipbuilding Company, originally the Union 
Dry Dock Company, Buffalo, is a gantry crane with double cantilever extension, 
one end covering a building berth, the other end covering the plate shop, or punch 
shed. This crane service was designed, built, and installed by the Wellman-Seaver 
Engineering Company, of Cleveland, Ohio, together with the runway upon which it 
traverses. This crane is shown on Plates XXX., Fig. 3, and XXXII., Figs. 1 and 2. 
The Union Dry Dock Company's yard has only one building berth, from which ships are 
launched sideways into a creek or basin. Parallel with the building berth is the storage 
and working yard. The crane, it will be seen, extends over the building berth and the 
storage yard, and covers the plate shop, which is also parallel with the ship berth. 
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Material can be lifted oat through the roof of the shop and transferred directly over 
to the ship upon the stocks. This construction leaves the berth free for sideway 
launching. This crane has a capacity of 30,000 lbs. on an arm of 40 ft., and 10,000 lbs. 
with an arm of 68 ft. The total length of the arms is 170 ft., the maximum length of 
traverse being about 160 ft. The maximum arm of the building berth cantilever is 
68 ft., and that of the plate shop cantilever 43 ft. 

The runway is composed of two separate well-braced tracks, with centres 49 ft. 
apart, the top of the plate girder runway base for the track bar being 30 ft, above 
the foundation. The height of the crane above the ground is 55 ft. The total 
length of the runway is 408 ft., the vertical supports for the same being 24 ft. apart. 
The crane body is of rectangular section throughout, the vertical sides being composed 
of steel plate, these sides being well tied and braced with parallels and diagonals. At 
the runway tracks, the orane is increased iu width to the base in a Y shape, the 
distance from centre to centre of the forward and aft set of wheels on each runway 
being 36 ft. The crane has a lifting speed with full load of 30 ft. per minute, and 
with a light load of 63 ft. per minute. The traverse of the trolley on the crane is 
400 ft. per minute, and of the crane upon the runway 300 ft. per minute. This crane 
has been very satisfactory, and in constant service since it was installed. The 
arrangement, it will be noticed, is very similar to that of the West Bay City yard, 
previously described, but whereas the latter takes material from the ground at the 
front of the shop, the Buffalo orane has an additional cantilever arm, which takes 
material from the shop floor through hatches in the roof. By this method it is claimed 
that much of the general handling of material in the plate shop is eliminated. Fig. 3 
(Plate XXX.) shows the stop placed on the end of the gantry crane track. This is a 
necessary feature, for one Lake gantry crane, not so fitted, was blown off the end of its 
track a few years ago. 

(5} Ship Houses — Roofed Over — With Cbanb Service. 

The Bath Iron Works, of Bath, Maine, built a steel ship house a few years ago in 
which to construct high-class vessels. This shed was roofed in, but had open sides, 
and the side posts were inclined outward, spreading towards the base. This shed is a 
light steel structure with wood roof. The posts are 12 ft. apart, and consist of angle- 
bars trussed with flat bars. Three longitudinal stringers of similar construction keep 
the posts in position. There are twenty-six bays, making the shed 312 ft. long, the 
width of the roof truss being 68 ft., with a width at base of 62 ft. Upon the roof of 
the shed is secured a timber framework, which supports a double Z bar track, in which 
move the carriages of the radial arc wire rope trolley system, which, as mentioned 
elsewhere, is in operation at this yard. This construction above the ship shed roof, 
together with plans of the ship shed, are shown on Plates XXXII., Fig. 3, and XXXV., 
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Figs. 1 and 2. During the past year, an electric travelling crane of 2J tons capacity 
has been installed under the roof truss in this shed to handle material over the building 
berth. The crane runs on tracks having the same pitch as the building, viz., | in. to 
the foot, and it is counter-weighted to allow for this gradient, y. 

The Bath Iron Works also build small light craft, such as torpedo boats, under 
cover, the east end of the plate shop being specially arranged for this purpose. Foin: 
years ago, a 90 ft. single story extension was added to the 250 ft. two-story steel plate 
shop, and 150 ft. of the 340 ft. shop was reserved for light hull construction. This shop 
is 60 ft. wide, and built in a substantial manner. Plate XXXII., Fig. 4, shows the 
United States 30-knot torpedo boat, T. A. M. Craven, being prepared for launching 
from this shop. The machinery has always been put in position and the boats 
practically completed before launching, a portion of the roof being portable. The roof 
truss and mould loft floor girders — the latter occupying the west 60 ft. of the ship shed 
— are used in conjunction with ordinary blocks and falls for hoisting material on 
board these small and light vessels. 

At the new shipbuilding plant of the Fore River Ship and Engine Company, 
Quincy, Massachusetts, there is now being constructed by the Boston Bridge Works, 
from designs of the Wellman-Seaver Engineering Company, a very interesting ship 
house 480 ft. long, 325 ft. wide, with height of rafters at the side varying from 100 ft. at 
the water end to 87 ft. forward. This shed, as shown on Plate XXX., Fig. 4, is of steel 
construction, roofed in, but vrith open sides and large skylights in the roof. In the 
centre of the house roof, running throughout its entire length, is a large trunk skylight, 
46 ft. 3 in. wide, with ventilator slat or blind sides 9 ft. 6 in. high. Between the shed 
side posts and the tank skylight on the roof is a continuous skylight 25 ft. wide on each 
side. The central bay of the building is 185 ft. wide, which is ample width to taJie 
two of the largest vessels built or projected. The side posts are placed 60 ft. centres, 
and 10 ft. wide athwartship, tapering in a fore and aft dimension as they near the roof 
truss. This truss overhangs the posts 60 ft. in the clear on each side of the building, 
this overhang enabling two other good-sized vessels to be built under the roof, thus 
making in all four building berths under one roof. The sides are perfectly open. 
There are two 5 ton travelling cranes to be installed over each building berth, one 
being located for the port and one for the starboard side of each ship. There will 
be, therefore, eight 5 ton cranes of rapid action under this single roof. These cranes 
vrill be made by the Morgan Engineering Company, but as this construction has not 
progressed very far at the time of writing, further particulars are not available. 

As before stated, there have been a large number of well-equipped shipbuilding 
plants built in the United States during the past few years. By far the most interest- 
ing of these, on account of the great amount of capital invested, and the elaborate shop 
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and building slip constructioQ, equipment, and crane service, is the New York Ship- 
building Company, located at Camden, New Jersey, on the Delaware River, opposite 
Philadelphia. This shipbuilding plant is practically under one roof, the machine shop, 
boiler shop, smith shop, plate shop, angle shop, mould loft, bending slabs, furnaces, and 
storage racks for steel material, &c., together with three large shipbuilding bertha 
and a wet dock, being all connected together and practically made into one huge 
building. This building is of steel construction with back curtain walls. 

A sketch is appended, Fig. 1, Plate XXXIIL, which shows in a general way the 
scheme and lay-out of the shops and building berths. It will be noticed that the ship 
sheds extend from the wall of the machine shop towards and over the water. A basin 
or wet dock for fitting out the ships is in the first bay, thus allowing a large vessel to 
enter the basin, and be under a roof with its accompanying crane service during the 
fitting-out period. The three adjoining bays are each capable of taking either cue 
or two sets of ground ways, one when a large ship is to be laid down, and two when 
smaller ships are to be built. Thus six vessels of moderate beam can be built at the 
same time. There are two 10 ton traveUing cranes over each of these building bays, 
the inner end of the cranes being supported by a runway suspended from the roof. 
These cranes are placed high enough to clear any ship while building, or during the 
fitting-out stage when in the wet dock. The largest travelling crane in the works, 
which is of 100 tons capacity, Sellers' make, is here located, and so arranged that it 
can be used in any one of the four bays. This crane has a span equal to that of the 
building bays and the wet dock. It has ordinary crane travel throughout the length of 
the bays, and the lofty roof of the ship houses, embracing as it does the balcony of 
the machine shop, permits the hoisting of machinery from the shop below. 

This large crane has a transverse carriage motion over the machine shop balcony 
and at the head of the building slips, so that it can be made to cover any portion of 
the machine shop balcony, and either of the ship house bays. Hatches are arranged 
over the machine shop balcony and in the gallery floor to facilitate the rapid handling 
of heavy weights, and engines and boilers can be picked up from the shop floor and 
placed where desired in the vessels, both before and after launching. Other cranes, 
■kno^iTi as ground cranes, feed material fi*om the plate and angle shops to the 
building berths. These cranes, although of the overhead type, are below the keels of 
any vessels building, on account of the pitch of the blocking and ways. At present 
there are being constructed in these houses the following ships : — Two of 360 ft. 
length, one of 470 ft., and one of 500 ft. The two 360 ft. ships are building in the same 
bay, and the other two vessels occupy the only other two available bays. Besides 
these vessels, the company has contracted to build one other 500 ft. ship and two 
600 ft. vessels. Adjoining the south end of the ship house and shops an extra set of 
ways with wooden trestles and travelling cranes has been built, which, it is stated. 
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will only be ased when all the other berths are occupied. Upon this set of ways, which 
are not roofed over, one of the 600 ft. vessels for the Atlantic Transport Company is at 
present being laid down. 

Moran Bros., of Seattle, Washington, are making extensive improvements at 
their plant on the Pacific coast, and a large ship shed to cover the battleship lately 
contracted for is now under construction at their works. The shed, a section of which 
is shown on Plate XXXIII., Fig. 2, is 850 ft. long, 87 ft. 2 in. wide in the clear, and 66 
ft. high under roof trusses. The sides and roof are completely covered, the side posts 
being placed 12 ft. apart abreast the ship ways, and 36 ft. apart abreast the side con- 
nections to shops. Two 5 ton cranes of equal length traverse the whole length of the 
house. In the design of this structure, the builders state that consideration was given 
to the manner of handling middle line material, and they concluded that such materials 
as enter into the middle Hne structure of vessels could be very advantageously handled 
by a side crane spanning half the breadth, the trolley of which travels within a short 
distance of the end of the bridge. It is their opinion that the advantage of having 
both cranes in unison, or either at will, independently available for middle line work, 
was greater than that of having one long crane to handle all middle line materials, 
reaching past the middle Une, with a shorter crane at the opposite side. 

In the Moran shed, provision has been made for the installation of an electric 
trolley over the middle line. This will be installed if they find that they have special 
use for a middle line crane, and require more hoisting units than the two cranes now 
about to be installed. The shed now being built is, as before stated, 850 ft. in length, 
but only one-half of the shed is taken up at the present time by the building ways, the 
remaining half being used as a ship fitting shop, with power tools arranged for the 
convenience of the work. This shed crosses the main shop building at right angles, 
which building is itself 650 ft. in length, and includes machine shop, boiler shop, and 
blacksmith shop. Electric travelling cranes of 30 tons' capacity pass without 
interruption across the ship shed at a considerable distance under the ship shed cranes. 
One side of the ship shed also forms one end of the fitting shop proper, where are 
located the scrive boards, furnaces, and bending slabs, this shop being 100 ft. wide, and 
the side of the ship shed is open for this distance. Two railroad tracks with main hne 
connections also cross the ship shed within reach of the travelling cranes. The 
arrangement of the Moran Bros, shops is, therefore, somewhat similar to that adopted 
in the newly laid down New York Shipbuilding Company's Works, and their facilities 
for handling materials rapidly and economically are of the very highest order. 

(6) Ship House Frame — No Roof — With Crane Service. 
The Union Iron Works were one of the first in America to adopt, and put in 
successful operation, travelling cranes over shipbuilding berths. The system adopted 
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by this firm consists of an extensive frame structure with posts and roof truss, spaced 
12 ft. centres, not roofed in or enclosed. Overhead cranes travelling forward and afb 
are located under the lower chord of roof truss, and a series of independent jib derricks 
swing from the side framing, the uprights of which are utilised for staging purposes. 
The structure is not so elaborate as one is apt to consider from first impressions. It 
has most assuredly proved very e£Gcient, and the vessels building always aeem to be 
well lighted, free from draughts or resounding noise, which troubles are common with 
many roofed-in ship sheds. The Union Iron Works considered from the first that two 
cranes would be necessary for each vessel building, therefore all the ship sheds they 
have built are fitted with two cranes, with the exception of their latest and largest 
sheds, which are equipped with four travelling cranes. This company built in 1884 a 
skeleton ship house of timber, 300 ft. long, 48 ft. wide, with an average height of 
55 ft., the top being built at an angle of ^ in. to the foot, sloping towards the water 
end. At the lower end was fitted a swing crane 3d ft. long ; three years later a second 
ship house frame was built over berth No. 3. This house was the same length as its 
predecessor, but was made 85 ft. wide, 58 ft. high, and fitted with a swing crane 48 ft. 
long at each end. 

Experience with these ship houses was so satisfactory that in 1891 the timber 
framework over berth No. 3 was duplicated over berth No. 4, the roof truss being 
made 3 ft. higher, and the end swing cranes fitted with 5 ft. more reach. Building 
slip No. 6 is now covered with a framework similar to those before mentioned, but 
much longer and higher. This skeleton house was originally 408 ft. long, 85 ft. wide, 
and 78 ft. average height ; the sizes of materials are given in Fig. 3, Plate XXXIII. 
This frame structure has quite recently been increased in length to 480 ft., and 
the building of another skeleton house, the same length as No. 6, and 6 ft. 
narrower, is about completed over building berth No. 7. The general design of 
these ship houses, together with their location in the yard, is shown on Plate XXXIII., 
Figs. 3 to 5, and on Plate XXXTV. There is a swing crane at each end of these 
structures 50 ft. long, the larger ones each covering a vessel 580 ft. long, and, should it 
be desired to build still larger vessels in the shed, the construction is such that the 
trusswork can be easily lengthened, the height and width being ample to cover the 
largest vessels. The apes of the roof over ways Nos. 6 and 7 is 3 ft. from the centre, 
and one crane is made 6 ft. longer than the other. This is done to enable members of 
hull construction to be landed on the centre line of the vessel building. The overhead 
cranes are electric, and have a rate of travel fore and aft of 180 ft. per minute, an 
athwartship travel and a hoist of 90 ft. per minute, and a lifting capacity of 10,000 lbs. 

The Union Iron Works prefer manilla rope for hoisting, on account of its elas- 
ticity, which enables a plate to be bolted up if placed by the crane within 1 in. 
or 2 in. of its true vertical position. For the erection of the plating under the bottom 
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of the vessel it is interesting to note that a wire rope is used, rove through a 
hole in the plate, and the correBponding hole in the frame to be secured to, and 
well toggled under the plate, thus enabling the plate to be hauled up close to its 
place. The staging necessary for the construction of a vessel is of itself a large item 
in the cost. One feature of the Union Iron Works' structure is the rapidity with which 
staging can be erected. When the ship under construction is large, the spauls, which 
are 4 in. by 8 in., are rove through the main posts and held by loose bolts at the ends. 
When smaller or narrower vessels are built, a standard made of 3 in. by 6 in. double 
plank is set on top of the ground and held from canting or tilting by the rigidity of 
the spaul in the posts, thus saving all bracing. As the posts are of 12 ft. centres, 
plank for staging 26 ft. long, 12 in. wide, and 2 in. thick, is used throughout, and this 
has been found strong enough for any work, and Ught enough to be easily handled. 
The frame structure is also used to keep the upper works of the vessel fair during the 
early stages of construction, and tumbuckles are used from the sides of the vessel 
to the stnicttu-e framework. This framework is well braced, and given longitudinal 
rigidity by means of diagonals, ail of which is shown oc the appended plates. The Union 
Iron Works find no disadvantage in having the posts as close as 12 ft., all the 
hoisting being done at the upper end of the berth, and the material carried over the 
vessel to the required place, where it is lowered into its proper position. As no side 
shores above the bilge are used, the top sides are always clear for lowering and 
taking plates into their true position. 

The latest ship sheds have been fitted with 32 ft. riveting swing cranes, carrying 
8 in. bnlb tee trolley beams for pneumatic yoke riveting, but, as before stated, during 
the past year, jam and long stroke riveters have been gradually taking the place of the 
heavier pneumatic tools, and riveting cranes do not now seem to be necessary, or even 
desirable. The floor of these skeleton ship houses is constructed of timber, similar to a 
wharf, giving a fine level floor, which much facilitates erection and construction in general. 
It moreover affords a ready means of securing tumbuckles for holding a frame down 
and adjusting it, thus carrying out the San Francisco general method of fairing a 
ship on the sides down to the ship's bottom. The overhead framework here described 
has been used quite frequently for hoisting on board vessels undergoing construction 
weights which are heavier than the safe maximum load of the average cranes. Bed- 
plates, condensers, pumps, auxiliary machinery, and parts of main engines have been 
frequently put on board before launching, by means of falls connected to the rafters 
overhead. The present overhead cranes were built in 1891, operated by means of 4 in. 
circ. manilla rope, running about 3,000 ft. per minute. This rope ran continuously 
while the cranes were in use. There were three independent reversible friction 
clutches on a single shaft to control the hoisting bridge and cross travel, so that any 
and all of the functions of the cranes were available as required, but electric power has 
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gradually been introduced through the building slip crane service. The driving sheave 
has been removed and replaced by a 40-horse power motor connected to the shaft, 
which still runs continuously, as with the old arrangement. 

These ship sheds have been criticised on account of high cost when benefits 
obtained are considered, but it is no exaggeration to say that the wood framework and 
type of crane used can be built just as cheaply as other types of overhead crane service, 
whereas it has the great advantage of covering some additional desirable features, and 
having a larger number of hoisting units under operation. It is true that two cranes 
placed alongside of each other involve a noticeable increase in the strength of the roof 
truss, but the hoisting capacity is by this means doubled, with but a correspondingly 
slight increase in cost. Another criticism broached about this method of crane service 
is the fact that a small section in the width of the ship is not commanded by the over- 
head cranes. As before stated, the Union Iron Works cranes are arranged so that one 
of the two athwartship cranes centres the ship. The fact of a small longitudinal 
belt near the centre not being theoretically covered is not any serious objection, as 
only plates are practically placed in such a position, and these can be swung and left 
where desired. It has been said that the number and sectional area of the trusses for 
supporting the travelling cranes affect to a marked degree the Ughting of the ship's 
berth. This is not so, for the ships are known to be well lighted during construction. 
Another objection raised is the fact that the side framing and foundations take up much 
valuable room, limiting the number of shipbuilding berths for a given width. The 
Union Iron Works have apparently all the room desired, and this criticism cannot be 
applied in their case. It is well to note, however, that other systems of crane service 
necessitate as much room between adjoining slips as the Union Iron Works system. 

(7) WiBE Rope Cable Trolleys. 

Another method of handling material over shipbuilding ways is the overhead 
cableway or wire rope trolley system. 

Wire rope cableways have been used in America quite extensively for years, and 
this means of handling material over great fields of service, with long spans, has long 
been considered by civil engineers the most satisfactory method, taking cost, utility, 
and time to erect, &c., into account. 

In 1896 the Bath Iron Works, of Bath, Maine, built a small wire rope cableway 
for unloading material from cars, and depositing it in the storage racks of the 
steel material store yard. The fixed cable post and engine bolster were placed on the 
opposite side of the car track to the steel plate racks, and sufficiently remote to permit 
of material being hoisted from any part of an ordinary flat railroad car. The opposite 
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end of the cableway was made movable by being secured to a car or set of rollera, which 
moved in a track laid as an arc of a circle for a distance of about 100 ft. The span 
of the cableway was about 200 ft., the diameter of the wire rope cable J in., and the 
designed full load 1,500 lbs., with a factor of safety of 6. In a test of an hour's 
duration, 52 plates were unloaded from cars and deposited in steel racks with this 
apparatus. This system of handling steel material proved so very efficient, and the cost 
of installation and maintenance was so small, that the Bath Iron Works in 1898 decided 
to use the same system for handling material over the shipbuilding berths of their 
plani 

At that time three sets of ways were occupied intermittently by vessels undergoing 
construction. The ways were rather short and narrow, and only small naval and 
merchant vessels had been built up to that time. When the Company, in 1898, 
secured the contract for the construction of the pioneer American tramp steamship, 
now known as the Winifred, and the large steam yacht Aphrodite — both vessels over 
300 ft. long — it was decided to arrange Ways No. 3 to take the heavier cargo vessel, and 
build a new set of Ways No. 4, with a ship shed over them, for the construction of the 
large yacht. The roof of the ship shed was built to take the radial arc track of an over- 
head cableway system, and a lofty steel spar, the fixed point of the cable system, with 
hoister house attached, was located alongside the plate shop near the main doors. 
The span was 282 ft. ; the travel of the movable end of the cableway extended over a 
chord 320 ft. long ; sag of wire rope allowed (with load), 10 ft. ; diameter of cable, 1 J in. ; 
designed load, 1,500 lbs. ; factor of safety, 6 ; carriage speed, 420 ft. per minute. The 
hoisting machine was operated by a 35 h.p. motor, 320 revolutions. During a test 
made, the system would hoist its load and run the length of the cable — some 280 ft. — 
in 62 seconds, and a series of tests, hoisting, travelling, depositing, and returning to 
the base of operations, averaged 1 min. 40 sec. The steel spar was 90 ft. long, 
and 36 in. maximum diameter. 

Figs. 1 and 2 (Plate XXXY.) show the general arrangement of this cable system. 
Hatches with covers were placed in the roof of the ship shed, and the scheme 
worked very satisfactorily, taking all the material from the plate shop as machined, 
and locating it in position on the ships. For a small expenditure of money, 
the cable system did its work well, doing all that it was designed to do, and feeding 
Ways Nos. 3 and 4 in a satisfactory manner. For general shipyard use, however, 
where large and heavy vessels have to be built on each set of ways simulta- 
neously, the scheme has the great disadvantage of being able to deliver material 
for only a small portion of the .vessel's length on the ways near the fixed centre of 
the trolley system. For instance, whereas Slip No. 4 was covered for a length of 
about 320 ft., Ways No. 3 were covered for 266 ft., Ways No. 2 for 200 ft., and Ways 
No. 1 for only 135 ft. 
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The adoption of this wire rope radial arc or sweeping cableway system of handling 
material was assisted by the efforts of Mr. C. R. Hanscom, now president of the 
Eastern Shipbuilding Company, New London, Connecticut, who was connected with 
the Bath Ironworks as general superintendent at the time above-mentioned, when wire 
rope trolleys were constructed at these works. When the plant of the Eastern Ship- 
building Company was built in 1900-01, Mr. Hanscom adopted the plan of using wire 
rope cableways over the large building berths of this company, so as to give an effective 
rectangular field equal to that of any overhead crane system, at less cost and with 
greater flexibility and capacity. His plan was to arrange a structure having cableways 
with both transverse and longitudinal motion, and this by parallel track carriage 
motion in addition to the usual cable carriage motion. The Eastern Shipbuilding 
Company contracted for the construction of two large vessels for the Great Northern 
Steamship Company before the building of the New London plant had commenced, 
but after the plate shop was in successful operation, work was commenced on a 
wire rope cable system for handling material over the building berth, upon which these 
large steamships were to be constructed. These vessels, it may be of interest to note, 
are about 630 ft. long, 74 ft. beam, and 56 ft. deep to the strength deck. 

This trolley installation is a broad departure from any method of handling 
material in engineering work adopted up to date, and the writer hopes for a successful 
future for such wire rope cable installations. The general arrangement of the New 
London cable system is shown on Plates XXXV., Fig. 3, and XXXVI., Figs. 1 and 2. 
There are three steel spars, each 120 ft. long, 42 in. maximum diameter, 30 in. diameter 
at the base, and 24 in. diameter at the head . Each steel mast supports a steel cross-yard 
174 ft. long, of rectangular cross section, strongly braced. The middle yard is 4 ft. 6 in. 
deep and 6 ft. 3 in. wide in the centre, tapering to 3 ft. 2i in. deep at the ends. The 
end yards are 4 ft. 6 in. deep and 5 ft. 2 in. wide in the centre, reducing to 2 ft. 6 in. 
deep and 2 ft. 9J in. wide at the ends. The top of the yards are 84 ft. fi-om the 
ground, and the end yards are well trussed by wire ropes, there being a compression 
strut 15 ft. long rutming from the centre of the back of each end yard away 
from the trolley field of operation. The three steel masts with their cross-yards 
are located midway between the two building berths, upon which now rest the 
20,000 ton Great Northern steamships, the distance between the masts being 300 ft. 
The cross-yards have a length sufficient to cover the large beam of these vessels. The 
working field of the trollies is, therefore, a rectangle, approximately 600 ft. long and 
174 ft. wide. 

This steel construction is held in position entirely by the wire rope guys. Each 
yard is held up to its work by steel ropes running from the mast head. There are six 
of these hfts on the main yard, and four on each of the fore and mizzen yards. From 
the end of each yard, rope guys run to the ground, and these are securely fastened 
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to granite anchorages buried in the ground. On the main yard, two guys run from 
each end to ground anchorages, one set of guys being, hke the third pair of Hfts on 
the yard, merely emergency or auxiliary members. From the centre and end of each 
yard, parallel wire rope guys connect the yards together, and diagonal guys connect the 
end of each yard to the centre of each mast next to it. These diagonal gays are 
practically only emergency members, but they also tend to give stifbiess and rigidity to 
the structure. From the ends of the fore yard, guys run on a pronounced angle to 
solid granite anchorages, and from the centre of this yard two very heavy guys run to 
similar but heavier anchorages well out from the base of the mast. These members 
are of great importance, as they alone prevent the structure from falling aft. The 
guys from the ends of this yard are made large to reinforce the centre guys, which, as 
above stated, are in duplicate. At the water end, there is a heavy guy secured to a 
large concrete anchorage confined on the river bed by well timbered walls, which keeps 
the structure from falhng forward. 

From each end of this yard, a wire rope guy runs to the stone boundary wall of the 
yard, the base of these triangles being only 40 ft. On account of the undesirability of 
placing responsible anchorages under water, where metal corrodes, and vital members 
are practically inaccessible, a well-trussed steel " strongback " or compression member of 
rectangular box section has been fitted at an angle of 46 degrees, running from the 
mizzen mast just below the cross-yard forward to the ground, midway between the 
building berths. This strongback, or strut, has- a maximum depth of 33 in., and a 
width of 26 in. It reduces at the ends to 27 in. deep, the width being constant. All 
the standing wire rope guys of the structure are galvanised steel cables, of the type 
used in America for suspension bridges. They have very Uttle stretch, and are formed 
of six strands with wire centre, each strand, and the centre likewise, being made of 
seven wires. These ropes have an unusually high tensile strength, and are made with 
a view to long life when exposed, and they have great effective durability and rigidity. 

The following table gives the weight and strength of the ropes used : — 
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Each rope gny is fitted with tumbuckles with sufficient plaj- to allow for 
stretch and variation of temperature. Upon each side of the top of the main yard, 
and on the aft top side of the fore yard and forward top side of the mizzen yard, a 
trafck is formed of two continuous lines of Z bars facing each other and spaced 
1 foot apart. A carriage composed of four wheels, suitably connected, runs 
horizontally in the track, bearing on the side of the Z bars nearest its field of work. 
Two such trucks, one on one side of the main yard, and one on either the 
fore or mizzen yards, are connected by means of a heavy 2 in. wire rope cable, upon 
which a self-oiling modified Eoebling cableway carriage runs. This carriage consists 
of two wheels bearing on the cable rope, and two hauling rope sheaves below it, exclud- 
ing the hook sheave, and also two fair-lead sheaves above the carriage wheels. A becket 
is placed on the lower hook sheave, and the hoisting rope leads over the after sheave, 
under the hook sheave, and over the forward guide sheave to the hoister drum. A 
neat framework holds the wheels and sheaves in position, and prevents the carriage 
from leaving the rope cableway. Another hauhng part connects each side of the 
carriage to give the same fore and affc motion, and the return line to the drum is kept in 
position by an upper pair of fair-lead sheaves. This is arranged as an endless rope to 
another drum on the hoister. The trucks at the ends of the cableway are operated 
athwartships simultaneously by means of two endless small wire rope connections to a 
third double drum on the hoister. 

The present installation at New London consists of two movable trolleys, bat the 
structure is capable of operating continuously four trolleys, each loaded with 5,000 lbs. 
weight. The operating machinery is installed in a house on the main mast, located 
just below the cross yard. This house is rectangular in plan, and resembles somewhat 
the fighting top of a military mast. It is securely fastened to the mast, which runs 
through the centre of the house. There are at present located in this house two 
hoisting machines, each operating an independent trolley, one taking the forward 
portion of two vessels, and the other covering the after portion. Each machine is 
operated by a 35 H.P. continuous current motor, 120 ampere, 260 volt (General Elec- 
tric, Form G, Class 68), having a speed of 550 revolutions per minute, geared so as to 
give 68 revolutions per minute for the hauling and hoisting drums. The speed of the 
hoister is such that it requires only 10 seconds to lower the block and hook or grabs firom 
the cable to the ground. The heaviest load can be hoisted up the staging runway in 30 
seconds. The trolley will run with its full load the whole length of the yard firom side 
to side of the double building berth in 30 seconds, and in the same length of time the 
trolley carriage on the cable way rope will travel from mast to mast. As the entire 
structure is held in position by wire rope guys — tension members only, for all the 
connections to earth capable of withstanding compression are in a true plane 
midway between the two building berths — it is apparent that the anchorages to 
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which the wire rope guys are secured have a tremendous responsibility imposed upon 
them. Indeed, it may be said that the stability of the whole structure depends upon 
the efficiency and reliability of the ground anchorages and the connections to them. 

Appreciating this point, the factor of safety on all guys connecting to the ground 
has been increased from 5, the usual factor, to 3, and in some cases, as before stated, 
emergency guys have been added. The anchorages consist of granite rocks, laid one 
above the other at right angles and locked with smaller rock. The foundations for 
masts and strut consist of wood crib-work resting upon a solid granite ledge, which 
runs through the length of the building slips a few feet below the ground surface. 

As already stated, this cable system has given entire satisfaction. The 
stationary guys and yards are used for erecting purposes, besides the movable cables. 
The system does rapid and positive work, is thoroughly reliable, and rapidly inspires 
confidence. The two trolleys, one for each ship, have proved capable of handling all 
the material that can be laid out by the fitters, and taken care of by the erecting and 
bolting up gangs, when placed in position. They have fi-equently handled up- 
wards of 100 tons of steel plates and shapes per day. The stated safe average 
load for each of the four designed trolleys, viz., 5,000 lbs., is much lighter than the 
load usually assumed in the design of crane service over shipbuilding berths, but as all 
the framing, beams, bulkheads, and plating are generally erected as individual bars or 
plates, the designed load is seldom exceeded. The heaviest plate used on the Great 
Northern steamships is 6,000 lbs., and the average is nearer 2,500 to 3,000 lbs. 

Atthe yard of the William R. Trigg Company, Richmond, Virginia, a wire rope cable- 
way is at present being used over the shipbuilding berth now occupied by the United 
States cruiser Galveston. This cableway is only a temporary arrangement, ' and it 
will be replaced at some later date with a gantry crane, previously described, running 
upon wood trestles. The cableway now in use has a span of 360 ft., and is placed 
over the centre line of the cruiser. The cableway rope, which is IJ in, in diameter, 
has no athwartship motion, and is secured at each end of the span to a built up 
tower, 80 ft. high above the ground at the building berth. Both the tail and head 
towers are securely guyed to the ground, the anchorage of each being 388 ft. out from 
the base of the tower. These main shore guys are in the same plane as the cableway. 
There are also two guys from each tower, which run diagonally inward some 65 ft., 
spreading at the same time about 70 ft. from the centre line. The designed load of 
the cableway is 5,000 lbs. The cablewaj' is operated by a double tandem friction drum 
electric hoist, direct current, of Lidgerwood make, with a General Electric motor (640 
revolutions, 500 volts) attached. 

The hoist is geared 10'09 to 1, and has a rope speed of 350 ft. per minute. The 
rear drum carries the conveying rope, and the front drum the hoisting rope. This hoist 
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is placed on the ground 62 ft. forward of the head tower. The cableway and hoieter are 
shown on Plates XXXV., Fig. 4, and XXXVI., Fig. 3. It will be noticed that the 
Galveston is being built on a level keel, and will be launched sideways. A fixed cable- 
way over the centre of a ship undergoing construction with a trolley carriage fitted to 
it, which gives only fore and aft travel, although of some use, is decidedly limited in its 
operation. Its great failing is its inability bo take care of shell plating, and to place, 
where desired, deck and bulkhead plating, &c. It has, however, done good work, and 
when worked in conjunction with boom swing derricks, the advantages are said to have 
more than outweighed the small cost of this installation. The W. E. Trigg Co. have 
now under consideration the use of a similar outfit, only with a much longer span, viz., 
about 1,300 ft., to work over three smaller vessels placed end to end in line. 

The Lidgerwood Company, of New York, who designed the cableway now in 
operation at the above plant, have also within the last few months designed a cableway 
system for the yard of the Townsend & Downey Company, Shooter's Island, New 
York, which however has not been built as yet. The arrangement planned is some- 
what similar to that above described at the Trigg yard, but as the vessels launch stem 
first, the long tail shore guy has been omitted, and two shorter guys with compression 
struts forward have been substituted. The tail tower and its two compression struts 
at the after end of the cableway span resemble a tripod in arrangement. The forward 
head tower consists of two spars, arranged in a V-shape, with a long ground gay 
running forward to an anchorage in the same plane as the main cableway. The 
installation proposed consists of three cableway spans, each entirely independent of 
the other, and the three are supposed to feed two building berths. 

Fig. 1 (Plate XXXVII.) shows the general arrangement of these wire rope cableways 
as arranged for the construction of two vessels each about 50 ft. beam. The location of 
the plate shop is the cause of the three cableways being of different lengths. The first, 
placed midway between the two ships, has a span of 425 ft., the cableway on the 
starboard side of the two vessels has a span of 514 ft., and the one on the port side of 
the two vessels has a span of 429 ft. A Lidgerwood cable carriage runs upon each 
cableway, giving the desired fore and aft motion. The capacity of each cableway 
is 8,000 lbs. At the base of each of the foro'ard towers is located the steam hoisting 
engine with 9 in. by 10 in. cylinders, and 33 in. diameter tandem friction drums. This 
arrangement of overhead cable service, although an improvement over the system 
which allows for only one cableway to be suspended over the centre of each vessel, has, 
nevertheless, many serious disadvantages. Althougb it is claimed that the cableways 
are located so as to handle the side plates efficiently, and that two of the cableways 
operating jointly will handle such members of ship construction as deck beams, 
bulkheads, &c., yet it seems to the writer that the scheme adopted by the Eastern 
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Shipbuilding Company, which permits of both longitudinal and transverse travel, 
is absolutely essential to a successful cableway installation. 

(8) Locomotive Cranes, Standabd Type, on Thacks alongside Bebths. 

Locomotive cranes operating on ground tracks alongside shipbuilding berths can- 
not be considered as an overhead crane service, and such cranes, although very valuable 
for transporting and handling of material in general, are of very little use in erection, 
as their effective field is very limited. Swing boom derricks with steam winches are 
necessary, and universally used where an efficient overhead crane service has not been 
installed. Space does not permit of a description of the facihties for handling material 
in American yards that are equipped with only ground travelling cranes and swing 
derricks. 

(9) Locomotive Cranes, Derrick Type, on Tracks alongside Berths. 

An interesting method of handling material over shipbuilding berths is in 
successful operation at the yard of the Maryland Steel Company, Sparrows Point, 
Maryland. It consists of an installation of locomotive cranes, derrick type, running 
on tracks between the ships, there being one large derrick or hoist tower moving on a 
16 ft. track between each set of building berths. The first locomotive derricks of this 
type, built by the Maryland Steel Company, were of 10,000 lbs. capacity, and were 
considered experimental. One of these is illustrated on Plate XXXVI., Fig. 4, supply- 
ing material to two large suction dredgers then building. The derrick post or tower is 
a well-trussed light structure rectangular in plan throughout its height ; an ordinary 
swing boom is attached to this derrick post on each side, each boom being intended 
to feed one ship. 

Experience gained with these derrick cranes suggested modifications which have 
been embodied into the design of the larger new locomotive derricks, now in successful 
operation at the above-mentioned plant. These cranes are illustrated on Plates XXX\T;., 
Fig. S, and XXXVII., Pig. 2. They consist of a well-trussed frame structure, 65 ft. 
high from the ground, into which is set a revolving derrick post 80 ft. long, 34 ft. 
of which is housed below the bearing on top of the outer frame support. The 
derrick post or mast revolves upon roller bearings, and at its lower extremity 
has a ball bearing step. Both the outer structure and the revolving derrick post 
are made as light as possible, and are of rectangular section throughout, being 
well trussed and braced. Upon each derrick post is secured a 64 ft. trussed boom, 
which is led to its field of work by the rotation of the derrick post, the bearings being 
such that the derrick mast and boom can make a complete revolution, if desired. 
The capacity of each of these derricks is 25,000 lbs. ; they have a height of 110 ft. 
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under the normal position of the boom, and sufficient overhang to reach the centre of 
two vessels 110 ft. apart. The hoisting speed is 90 ft. per minute, and travelling 
speed 150 ft. per minute. These cranes travel on tracks set at a 1 per cent, gradient, 
which is well supported and braced by piling and timber cross ties. The rail bars are 
of ordinary steel railroad section, weighing 100 lbs. to the yard, and these are laid on 
heavy wooden stringers placed above the cross ties. The cranes are actuated 
by a vertical hoisting engine, having a sufficient number of drums and proper 
connections to effect the various movements of hoisting, track travel, raising, lowering 
and rotating of the boom. 

The general methods of design and construction of the cranes are clearly shown in 
the appended Plates. The rotation is effected by means of wire ropes around a large drum 
at the bottom of the mast, the rope leading to proper arrangements on the engine. It 
is claimed that these derrick cranes have proved quite effective in handling material. 
One advantage, which should be mentioned in connection with the smaller 10,000 lb. 
cranes, is the fact that they can be moved from one track to another, so that two 
cranes may be used on one track, or they may be arranged in any manner to suit the 
work in hand. It should also be mentioned that the larger cranes above described have 
sufficient spread of track and sufficient height under the platform of the crane, so that 
an ordinary flat freight car can be run through underneath the crane, delivering 
material to the second one, if it is so desired. This central track is being used in every 
instance, and by means of it material can be delivered to the crane, so that the crane 
itself is used almost continuously for hoisting and placing material. 'Fig. B 
(Plate XXXYII.) shows the arrangement of building berths and crane service. 

COXCLVDINQ BeHABKS. 

One of the features of crane service over shipbuilding berths that has promoted a 
good deal of discussion is the number of cranes or individual hoisting and conveying 
carriages required over each building berth. The Table on the next page gives the 
number of cranes per berth adopted in American yards, a representative installation 
of each type being taken as a basis for comparison. 

A large number of points must be considered in determining the number of 
hoisting units required over a shipbuilding berth. Arrangement of shops, location of 
positions where material is landed for the cranes to pick up ; track, trolley, and hoisting 
speeds, and size of vessels to be constructed, have all a great bearing upon this subject. 
The writer's experience seems to indicate that with a well-arranged lay-out, eliminating 
crane travel as much as possible, and with high speeds throughout, one hoisting and 
conveying unit will handle about as much material as can be fed to it, and taken care of 
when distiibuted over any merchant vessel up to about 7,500 tons register. Beyond this 
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size it is probable that the desired rapidity of construction would warrant the installing 
of two crane units per Tassel. If the cranes are operated both night and day, one 
hoisting and conveying unit will supply all the material desired for the construction of 
the largest merchant vessel built or projected. 







Shipyard. 


Extent of Building Berth coTered by 
one Crane. 


CantileTer 




Wm. Cramp 4 Sons. 


One crane for two vessels. 


Gantr7 with single cantilever 
arm. 


Craig 8. B. Co. 


One crane for each vessel. Propose 
to add another smaller crane. 


GantiT with double cantileTer 


BafEalo D. D. Co. 


One crane for one vessel. 


Ship House roofed over 
enclosed on sides. 


and 


New York S. B. Co. 


Two cranes for wide vessels. One 
crane for narrow vessels. 


Ship HoDse roofed ov«t, 
sides. 


open 


Fore River S. & E. B. 
Co. 


Generally two cranes for each vessel. 


Ship Hons© frame Btrnctare 




Union Iron Works. 


Two cranes for smaller class of vessel. 
Four cranes for larger class of 
vessel. 


Wire rope troIlej-B 




Eastern 8. B. Co. 


One trolley for each vessel. (Could 
be increased to two with slight 
additional expense, if desired.) 


Locomotive derrick cranes 




Maryland Steel Co. 


One for each vessel. When bertha 
are not all occapied, two for 
one vessel sometimes. 



The writer has refrained from criticising the various installations above described. 
Location and certain peculiar conditions existing at any plant at the time an overhead 
crane service is decided upon, exert much influence upon the type of service 6nally 
adopted. America is a large country, and the climate and atmospherical conditions 
vary throughout its extent. Materials and labour are likewise a variable and dictating 
quantity, and these features, added to the business policy of a shipbuilding company, 
make it extremely difficult to intelligently criticise in general any crane service 
installation. For a plant located in New England, where the air is clear and dry and 
the temperature normal, and especially at certain points where high winds are very 
common, the writer would not recommeud a roofed-over building berth. Pneumatic 
tools are responsible for noise, and the roof with , open sides creates draughts, 
and these drawbacks have a most pronounced detrimental effect upon the work- 
men. Moreover, lofty ship houses with open sides are a very inferior protection in 
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stormy weather, and at times a small ship, building in a lofty ship house, becomes 
almost as wet and much more disagreeable to work on than would be the case if the 
vessel was building on an open berth. It is also almost impossible to obtain a good 
working light for ship construction with a roofed-in ship house. Skylights tend to 
remedy this evil, but their extent is limited, and no skylight occupying only, say, one- 
fourth to one-third of the roof area can ever give anywhere near as much hght as 
would come from an open roof. There cannot be too much light for ship construction, 
and even when vessels are built in the open, there are places between deep vessels 
where want of light becomes objectionable. 

The enclosed ship houses, that is, roofed over and side covered, overcome in 
general the annoying features of draught, but when large openings are made in the 
house sides, they are almost continually open, and these local draughts become at 
times even more disagreeable than the rush of air resulting from a complete open side. 
With the enclosed house, the absence of a good working light becomes more 
pronounced, and with some arrangements of shops and crane service, the getting of 
material to the ship and cranes is interfered with and seriously handicapped by the 
closed sides of the shed. The question of noise also becomes a serioiis factor, for 
pneumatic tools disturb the air with sound waves, which are reflected back to the 
ship, and produce a nerve-wearing, irritating, disagreeable clatter, with a rumbling 
and thundering which baffles description. It becomes utterly impossible for men to 
communicate with each other, except by signs. 

A skeleton frame structure, with roof truss, but no covering over it, overcomes 
the disagreeable features before mentioned, but it has some peculiar disadvantages 
which would mar its efficiency unless the plant was arranged to suit its adoption. 
With the side posts spaced close together, as in the Union Iron Works sheds, the 
cranes cannot be fed from the broadside. The design of such a structure which 
permits the use of the side posts as staging uprights is, however, a good point. 
The gantry cranes, with short cantilever arms running upon wooden trestles, have 
this same feature without the roof truss, and have the additional advantage of being 
able to pick up material on the broadside or end, as desired. Moreover, if 
material is fed to the building berths on the broadside, two or more gantry cranes can 
be operated with advantage upon the same trestles. The range of adjustment in 
staging uprights with diflerent beams of ships would be the same as with the ship 
house skeleton frame. Gantry cranes with double cantilever arms could be built where 
end launching is practised, so that material could be hoisted on either broadside 
clear of the staging. The gantry crane with short cantilever extension must of 
necessity be cheaper than the cantilever cranes, on account of the much greater 
distance between its supports and the shorter arms. 
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A cantilever crane, designed to hoist a heavy ship construction load at the 
extreme end of its arm, requires counterweighting, and even then becomes a heavy, 
expensive structure, with much greater average hoisting power than is usually required. 
The trestles of a cantilever crane, as usually installed, take up a good deal of room 
between building berths, the staging uprights being usually clear of the structural 
trestle work ; but, as already stated, such a criticism does not of necessity make this 
feature a disadvantage, for several yards have ample room to bestow on such a con- 
struction. If material was always hoisted from the end of the ways, or from one or both 
the outer broadsides of a couple of biiilding berthB,then a trestle could be built, preferably 
of timber, the posts of which would form the staging uprights, and thus reduce the 
distance between building berths, and save somewhat in cost of staging. At the West 
Superior yard, it will be noticed that the steel trestle of the cantilever crane forms 
a permanent scaffolding. 

The wire-rope cable system as perfected at the plant of the Eastern Shipbuilding 
Company requires broadside feeding of material. All the steel is fed to both ships 
from the starboard side of the vessel nearest to the plate shop. The overhead trolley 
system is a most excellent arrangement, requiring no trestle work, and the vessels can 
be placed as close together as the staging uprights permit. It has the possible objection 
of the ground guys interfering with adjoining berths, in ease many berths are covered 
with this method of handling material. This disadvantage could be overcome, however, 
and for cost, room occupied, rapidity of operation and flexibility, this system seems 
almost ideal, provided the plant is laid out with a view to its adoption. 

The locomotive derricks or hoist towers occupy about as much room as a cantilever 
crane, and the constant rotating of the jib makes their effective action slower. More- 
over, three cranes are required to feed two vessels, in order that each side of each 
vessel can be covered. 

The frequent visits of British and foreign naval architects and engineers to 
America, having for one of their objects the study of American methods of handling 
material in shipyards, has influenced the writer to prepare this extensive paper, hoping 
that it may prove of value, as well as of general interest to many of the members of 
this Institution. 
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APPENDIX L 

Sizes and Capacities of locomotivb Cranes purnished to Amebicak Shifbhildbbs by 

THE Three Leading American Crakb Manupactdrebs. 



Maker. 


Shipbuilding Co. 


|l 


liAXUmu. 


so-.... 


WLMach. 

TXsr 


ISS. 


En- 


WbM]& 


rS. 


Welghl. 


5s' «t 








Ft. 


Lb.. I Ft 


LI» 


LtM. 


DoDble. 






•Brown ... 


Wm, Cramp & Sons 


6 


26-.5 


9,000 


14 


22,000 


74,000 


9x7 


350 


4®28' 


„ 


Kewport News Co.... 


2 


26-5 


9,500 


14 


22,000 


74,000 


9x 7 


350 


4@28- 


„ 


New York 8. B. Co. 




26-5 


9,500 


14 


22,000 


74,000 


9x 7 


350 


4@28' 


H 


Fote River 




26-5 


9,500 


14 


22,000 


74,000 


9 X 7 


350 


4@28- 


„ 


A. Sewall Co. 




18 


3,800 


12 


6,000 


18,000 


5Jx 9 


266 


4@20' 




Riedon Iron Works 




18 


3,800 


12 


6,000 


18,000 


5i X 9 


266 


4@20- 


„ 


RiBdOD Iron Works 




24 


5,400 


12 


15,000 


45,000 


64 X 10 


240 


4@28- 


„ 


West Bay City 




26-5 


9,500 


14 


22,000 


74,000 


9 X 7 


350 


4®28" 


» 


UDion, Buffalo 




26-5 


9,500 


14 


22,000 


74,000 


9x7 


350 


4®28- 


„ 


Townsend & Downey 




18 


3,800 


12 


6,000 


18,000 


5ix9 


266 


4@20- 


riQdaBtrial . 


Chicago S. B. Co. ... 




25 


7,000 


10 


20,000 


63,000 


8 X 10 


- 


4@24- 


„ 


Detroit D. D. Co. ... 




30 


6,000 


10 


20,000 


64,000 


8x10 


- 


4@24- 


„ 


Cleveland S.B. Co.... 




30 


8,000 


11 


20,000 


70,000 


8 X 10 


- 


4 (SI 24- 


„ 


West Superior 


1 


30 


11,000 


12 


30,000 


100,000 


9x12 


- 


4®33- 


„ 


New York S. B. Co. 




38 


5,000 


12 


20,000 


66,000 


8 X 10 


- 


4@24- 


„ 


Eastern S. B. Co. ... 




38 


5,000 


12 


20,000 


66,000 


8x 10 


- 


4®24- 


„ 


Eastern 3. B. Co. ... 




30 


4,000 


16 


10,000 


52,000 


7 X 10 


- 


4@24- 


„ 


Harlan&HollingBwortli 




30 


4,000 


16 


10,000 


50,000 


7 X 10 


- 


4(51 24- 


„ 


Union Iron Works... 




25 


8,000 


12 


20,000 


66,000 


8 xlO 


- 


4@28' 


„ 


Riadon Iron Works 




25 


8,000 


12 


20,000 


66,000 


8 X 10 


- 


4@28- 


tWUliamson 


Wm. Cramp & Sons 




18 


10,000 


11 


14,000 


27,525 


8 X 10 


240 


4@28- 


" 


Maryland Steel Co. 


^ 


18 


10,000 


11 


14,000 


27,125 


8x 10 


240 


4® 28' 



* Brown = The Brown Hoiatiag and ConTeyinK Uschine Co., OleveUnd, Ohio. 

t Indiutrul = The InduBtrial Workf, West Bay Oity, Uichi^n. 

1 WilUmMOn = The WilliBOMon Bros. Co., Engineers, Phihwlelphi*, P». 
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Appendix ii. 

General Particulars op the Brown 10-Ton Locomotive Cranb. 

... 26 ft. ti in. 

... 22,000 IbB. 

... W,H001b8. 

... 9,500 IbB. 

... 42^ ft per minnte. 

... 164 ft. 

4 complete tnmB per minate. 

6 » » 

. . . 500 ft. per minate. 
... 630 
, 6 per cent. 



Length of boom 

Hoist at 14 ft. radius 

„ 20 „ 

„ 26 ft. G ia. radius 

Hoisting, fnll load 

„ empty hook 

Rotating, fall load 

„ empty book 

Track travel, fnllload 

„ empty hook 

Possible grade, with full load 
„ „ empty book 

„ curve, with full load ... 

Wheels 

Axles in journals 

„ wheel seat 

Engines, pair vertical 

„ revolutione 

Gauge of track, standard 

Boiler, diameter 

„ height 

„ tubes 



Working pressure... 

Water tank capacity 

Coal supply 

Extreme height, top of rail to top of stack 

Extreme width of crane ... 

Wheel base... 



70 ft. radius. 

4 of 28 iu. diameter. 

5 in. 

6 in. 

in. diameter by 7 in. s 
350 per minute. 

4 ft. «i in. 
.54 in. 
8 ft. 3i in. 
98 of 2^ in. 

1 in. open hearth steel. 
^ in. tlai^ge steel. 

'lOOlbs.- 
200 gals. 
650 lbs. 
16 ft. 8f in. 
10 ft. 
8 ft. 



Total weight of crane, without counterweight, coal, or water = .'i8,000 lbs. 
Total weight of crane, with counterweight, but no coal or water = 74,000 lbs. 



APPENDIX ni. 
Industrial Looomotiti! Cranes. 
The Indnstr^al Works locomotive Btea.m crane, of 10 tons stated capacity, is self-propelling at a 
speed of 4) miles per hour ; will haul upon level tracks two to three loaded freight cars. When Ugbti 
will ascend a gradient of SJft. in 100 ft. ; can be adapted to ordinary curves ; has a hoisting speed Of 
about 25 ft. per minute, and with a single line will lift 10,000 lbs. at a speed of 50 ft. per nunnte. 
It has a rotating speed of 2| revolutions per minute, and is provided with radius varying 
connections. 
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The 6 ton crane, made by the same Company, ie self-propelling at a speed of four miles per hoar, 
and on a level track will hanl asnally two loaded freight cars. When light, will ascend a grade of 
8 ft. in 100 ft. ; can be adapted to ordinary carves ; has a hoisting speed for maximum loads of 26 ft. 
per minnte, and with single line will hoist 5,000 lbs. at a speed of 60 ft. per minate. It has a 
rotating speed of 2} revolations per minate, and is also provided with radias varying connections. 



APPENDIX IV. 

A.— List op Naval Vbssbls op over 9,700 Tons Displacbkbkt Bcildikg is thb 
United States, January 1, 1902. 



Ntuneof Tewel. 


Type. 


DUpUoe. 
ment. 
Toiu. 


Builderi. 


Virginia 


Battle^ip 


15,320 


Newport News S. & D. D. Co. 


Nebraska 


„ 


15,320 


Moran Bros. 


Georgia 


„ 


15,320 


Bath Iron Works. 


New Jersey 




1-1,600 


Fore River S. & E. B. Co. 


Rhode Island 


■ „ 


14,600 


.. 


Pennsylvania 


Armoured Crniser 


13,800 


Wm. Cramp & Sous. 


West Virginia 


.. 


13,800 


Newport News 8. & D. D. Co. 


California 


.. 


13,400 


Union Iron Works. 


Colorado 


.. 


13,400 


Wm. Cramp & Sons. 


Maryland 


» 


13,400 


Newport News S. & D. D. Co. 


South Dakota . 


.. 


13,400 


Union Iron Works. 


Ohio 


Battleship 


12,440 


y, 


Maine 


„ 


12,300 


Wm. Cramp ft Sons. 


Missouri 


„ 


12,230 


Newport News S. & D. D. Co. 


St. Louis 


Armoured Crniser 


9,700 


Neafie & Levy. 


Miltvaukee 


-. 


9.700 


Union Iron Works. 


Charleeton 


. 


9,700 


Newport News S. & D. D. Co. 
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APPENDIX n,—{Continue<l.) 



B.— List of Merchant Yessbls of over 8,500 Tons Regibtbr, Building in the 
United States, Januabt 1, 1902. 



Name of Veuel. 


OwDare. 


To«n«e. 
20,000 


Biiild<m. 





Great Northern S.S. Co. 


Eastern Shipbuilding Co. 







20,000 




Minnekakda 


AtlaDtic Transport Co. 


13,400 


New York Shipbuilding Co. 


Minnelora 


„ 


13,400 




Finland 


American Line 


12,200 


Wm. Cramp A Sons. 


Kroonland 


» 


12,200 


„ 


Korea 


Pacific Mail Co. 


11,300 


Newport News S. t D, D. Co. 


Siberia ' ... 


., „ 


11,300 


„ 


Shawmut 


Boston S. 8. Co. 


10,485 


Maryland Steel Co. 





.. 


10,485 


„ ,. 


Missouri 


AUantic Transport Co. 


9,000 


^ „ 


Mains 


.. 


9,000 


„ „ 




» 


9,000 


New York Shipbnilding Co. 


Mississippi 


. 


9,000 


,. „ 


Texati 


Hawaiian Line 


8,600 


>, 


Alaskan 


r, 


8,500 


Union Iron Works. 


^ri^onlan 


„ 


8,500 
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APPENDIX V. 



—Statement showing the Number and tonnage op Stbbl Vessels built in the 
United States during the past Four Years. 



T..r«,Jii)(rJan.30. 


Total Namber 


Arer*g*te 
Xoun«ge. 


1898 


r>4 


62,325 


1899 


92 


131,756 


1900 


92 


197,125 


1901 


120 


262,683 



-Statement showing the Numbbb and Tonnage of Vessels (Wood and Steel) Built 
IN THE XTnitbd States during the past Four Tears. 



Ywr endinK June 30. 


Total Nnmbw : ABgrogwo 
ot VmmI'. i TonjMgo. 


1898 

1899 

1900 

I'JOl 


952 
1,273 
1,447 
1,580 


180,458 
300,038 
,393,790 
483,489 
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DISCUSSION. 



ilr. ARCfflBALD Denny {Member of Council) : My Ijord and Gentlemen, although Mr. Fairhum may 
be young, I think he has done very good work, and he is not afraid of expressing his opinion ; in 
fact, he is not quite ao afraid as I am. I have been over to America lately, and I have seen a good 
number of these outfits. I had better go back to the year 1882, when I fii-st went tfl America; 
I then saw Cramp's Yard, Roach's Yard, and Harlan and Hollingsworth's. My impression is, although 
I am not quite sure, that there were practically no other yards of any importance except the Union 
Ironworks, and I may say that the yards then were not as good as our own here. My second visit 
was in 1899, when I landed at San Francisco, and saw at the Union Ironworks these wooden sb^, 
at least up to No. 5 ; No. 6 was then just being constructed. In considering the advantages of 
those open sheds, you must remember that they are ui California, where the climate is delightful— a 
sort of perpetual spring where, I believe, they have only some 10 inches of rain during the whole year— 
and where no question of the rotting of the wood or anything of that sort need be considered. I then 
visited Newport News, and saw these huge gantries. I also visited Cramp's again, and this time I 
found the yard very much extended, and they were just taking in 10 acres more to make a new engine 
shop. I also saw at that time two or three of the yards on the Lakes — the Chicago Shipbuilding 
Company, the Loraine, and the Globe Ironworks. Now all these j^ards had adopted some sjiecies of 
hoisting arrangement, l»ut of them all I was most taken with the idea of the Union Ironworks- 
two cranes over each Ijerth — and I was confirmed in my idea that two cranes are necessary if you 
wish to develop any great sjjeed in building, by the opinion of the Chicago Shipbuilding Com- 
pany's manager and the manager of the Loraine Company. They Ixith told nie that the cranes were 
excellent, but that they had invariably to work oi'ertime to get the material built into the ship, I 
went back last year and visited the Fore River Shipbuilding Company, and also the C-unden Kliip- 
building Company, Philadelphia. It was in August, and the manager of tlie Fore River Shipbuilding 
Company informed me that in July of the pre^'ious year they started in a green field, and they had 
already, when I was there, erected the larger halt of their buildings— their engine ^\ork8 were verj' 
nearly completed. They had not started to build the large ship house, but, just to keep themselves 
going, they had taken in hand a cruiser, and with the plant they already jjossessed, they liad got her 
plated in the month of August. I do not know when they started her, but it could not have been 
before the end of the previous year. The green field, or a good deal of it, was stilt in the yard: 
they had not got it all covered. I did not see the New London sptem with the wire rope, but I can't 
aay it impresses me. The New York Shipbuilding Company at Camden certainly was a revelation. 
Two years before, there was nothing there at all ; this time I found all these sheds completed, the 
engine works and yard in full swing ; they had delivered their first steamer, and there were two 
370 footers under one shed, both nearly plated and riveted, and other larger steamers commenced. 
To give you some idea of the enormous size of these sheds, when I went down with the manager 
on board of the steamers, I guessed their size at 250 feet, but as a matter of fact they were 370. 
Everything was absolutely dwarfed by the enormous size of the sheds. The boldness with which they 
made the installation of cranes, especially with regard to that 110 ton crane, was remarkable. Their 
wet basin was covered by a roof and was broad enough to hold two large steamers, but this ci-ane 
spanned it entirely. They had built all these berths exactly the same breadth, so that they could 
take this enormous crane, run it up to the end of their slip, put it on to the transi>ortation carriage, 
run it along the upper ends of the slips and put it on to any one of them in a verj- short time. Of 
all the yards I saw, I certjiinly think that the Camden Y'ard was the lx)Idest in conception. Of 
course, when seeing these thijigs, you hai-e a regret that you do not oiin them, liowever much 
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objection you might have to pay for them, and you have the feeling that you also would like to start, 
H3 the Americans have l)een doing, in a green field. In considering the position of our own 
yards here, I think we must not blame ourselves for not having got so many ot these outfits aa they 
have, because our yards have grown up and been developed slowly, whereas theirs have jujuped up ; 
they have had the benefit of all our experience, and they have been in the habit, on account of their 
extremely expensive labour, of endeavouring to minimise the cost of labour as far as possible. In 
loading and unloading ore and coal, and in transportation ot all descriptions of material, they have 
been compelled to adopt apparatus which we have not yet been obliged to do to such an extent. 
There is also this to he said, that while this paper may make us feel a bit humble, I do not think 
that, up till now, the Americans can give us points in the question of the cost of building, whatever 
they may do later. Be that as it may, we must feel grateful to Mr. Fairbuni for the enormous 
labour he has given himself in writing this paper for the information of this Institution. 

Mr. John Scott, C.B., F.R.S. (Member of Council) : My Lord, I do not know that I can speak 
with very much ad\'antage on this paper, Ijeeause, unlike my friends Professor Biles a,nd Mr. Denny, I 
have not had the advantage of visiting these establishments except by proxy, but I must say that the 
ingenuity— of which I am aware, and which this paper has laid Iwfore us verj- clearly— which has 
been shown by our cousins across the Atlantic in treating this rather difficult subject is certainly 
verj' remarkable. It is a question, however, m my mind whether the capital ex])enditure involved 
will pro^e remunerative. Li this country, as far as I know, we ha\e only one establishment of anything 
like an analogous fomi, that of Messrs. Swan & Hunter, at Newcastle. It is difficult for me to speak 
on a pomt of this kind, and it is a point on which I caimot indulge in any public thoughts, but 
I should like to know very much whether those gentlemen, comparing their cost of working with their 
neighbours', and in relation to capital, ha\-e found it advantageous. Their form of construction diffei-s 
slightly from those that have been laid before us by Mr. Fairburn, but, excejit in a case where the l>aais 
of wages is very much higher than we have in this country, I doubt extremely whether, qua capital, 
the expenditure will be advantageous. I have myself had to treat the subject in a foreign country for 
friends as their consulting engineer, and I have examined those American sptems in view of laying 
out rather a lai^ dockyard at Hong Koiig, to asceitain whether some of those sj'steras could be 
advantageously adopted for a yard and engine factory which are going to cover 36 acres of ground. 
On the principle which I have laid dovm, 1 have up to the present moment come to the decision not 
to follow the American system, because lalx)ur in the Far East — in China — is infinitesiroally cheap, 
and, from that point of view, I thought the cajjital had better be saved. At home here, as Mr. Denny 
has well said, old establishments are entirely tied up from the arrangement of their yards having 
grown to a lai^ size over a great nimiber of jeare. They are precluded, to a certain extent at least, 
from hurriedly adopting the American methods, and I think that it requires very considerable 
attention to the monetary result of any expenditure before determining whether it would be desirable 
for us to make any change in our present methods. 

Mr. H. E. Camps (Member) : My Lord and Gentlemen, on page 234 I notice that the writer refers 
to the squads that do the work in some of the shipbuilding yards. He refers to the work done by 
the fitters and taken care of by the electing and bolting-up gangs. I should like to ask Professor 
Biles if that means that the work of preparing the plates is done on the same system as in 
the English, Scotch, and Irish yards, viz., by a squad who first lift the templates off the ship and 
mark the plates, another squad who prepare the plates in the shop, and a third squad who take 
them from the shop and hang them on the ship. Here it would almost seem that the templates are 
lifted and the plates prepared in the shop by one squad, and that the rest of the work is done by the 
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cranes themseh'ea. Of course, in dealing with a jniper like this, one ia apt to compare the method 
used in America with what would be possible in this countrj', and in going through it, I should 
say that the wire cable sj'stem is the only one illustrated in the paper which would be at all readily 
applicable to our yards here. It takes up considerably less room, and would require leas alteration 
ill the arrangement of the berths, than tlie other s^'stems described by Mr. Fairbum. As to the 
question of cohering in new shipbuilding berths with sheds, I agree with the writer of the paper, 
inasmuch as, unless the whole berth is covered in at the top and sides, it is rather a disadvantage 
than otherwise. If the sides are open, draughts are created, which make it very uncomfortable 
for the men to work ; and if the top is uncovered, rain can get in just as easily as where there is no 
shed at all ; but if a shed is to he there, why should it not be utilised both for protecting the men 
from the weather and for facilitating the handling of material ? Messrs. Swan & Hunter's works 
at Wallsend do both these, and I know that during the last two or three years they have 
closed in one side at least, as well as the top. Another question is that of the lighting. The 
berth, being covered over, naturally takes a certain amount of light away from the men down lielow, 
Messrs. Swan & Hunter's works are all covered with glass, which is a very much better arrangement, 
in my opinion, than covei'ing the berths with wood or iron, and so keeping out the greater part of the 
light which ought to reach the bottom of the berths. I notice one thing in the photographs: I do 
not know whether it is always so, but in our English and Scotch yards a feature that strikes the 
visitor in going round them is the dirty and generally untidy cwndition of the works. Now. 
although the Americans have the advantage of us in their facilities tor handling materials o^er 
the berths, they have not disposed of that chaotic apfwarance which exists in most shipbuilding yards, 
due to plates and bars and scrap lying about ; and the appearance of the trestles between the berths 
adds to this impression. No doubt that is only an impression. Then with regard to those trestles, I 
noticed in one or two of the photographs that they were all built of wood. I am afraid that this 
could not be adopted in English yards, because our workmen are not particularly careful ; hot rivets, 
and similar objects, are in the habit of dropping where they are least expected and least wanted, some- 
times with disastrous results. I am afraid that, if trestles of that sort were used in om- English yards, 
insurance premiums would be going up at a much greater rate than shipbuilders would like, I think 
the thanks of the Institution are due to Mr. Fairbum for bringing this paj^er before us, and at any 
rate, if we cannot adopt the methods illustrated in the pajjer, it gives us at least an idea of what 
is going on on the other side of the Atlantic, and should prove to English shipbuilders that it is 
quite time they were looking to themselves, and bringing their own yards into a state of greater efficiency 
than they are at present. 

Mr. C. D. DoxFOHD (Member) : My Lord, there is one jwint I should like to liave a little further 
information u]x>n. Tliere are various speeds mentioned in the different yards. Tlie greatest, I think, 
is in the New York Shipbuilding Yard, where a speed of 700 feet per minute ia mentioned. I 
should like to know if Professor Biles could tell us ^I'lietber that is ever I'ealised in actual practice. 
It seems to me rather an alanning sjieed, and one that we Englishmen dare not attempt in our 
present state of knowledge, but if it is really done on the other side, then I do not know why we 
should not do it here. 

Profes.sor BiLES (Member of Council); My Loi-d and Gentlemen, I do not know that I am 
commissioned to reply to the discussion, or that I, in any sense, hold a brief for Mr, Fairbum, but 
perhaps I may Ije allowed to say something on the subject. With i-esjiect to the method of working 
plates, the method that is teing aimed at in America in the most jirogressivo yards is to template 
everything by first making templates in the mould loft, and then working those templates in the 
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shop by comparatively unskilled lalwurei-s centi-e-puiiching the ninrks through the hole in the tem- 
plates, and passing that plate on to the punching ma:i and from liiin to the head of the sliip, w'here the 
gang there takes the plate, and, by means of the crane, puts it on to the ship. In other A\ord8, the 
operation of plating goes through the hands of several different kinds of workmen. The 
Americans have yet to demonstrate to their own satisfaction, and posgihiy to ours jifterwarda, that tliw 
method does facilitate construction nioi* than our own. The object aimed at hy all these construc- 
tions and sj-stems is output, and, therefore, in any estimate which is made of the value of the i)lant and 
the interest on tlie capital invested, a very much increased output must he reckoned as probable from this 
plant. What that increased output is, I do not think anybody yet quite knows. The biggest plants 
that exist in the States have the misfortune at the present moment to be in the early stages— early not 
only in the sense that they have recently been erected, but that their whole oi^nisation and syst^mi 
of ivorkmg are being developed, and I think some of them have done exceedingly well in the rate 
at which they have turned out work ; and when they get into g«M)d working order, I think we shall 
get some vahmble information from them as to what their output is with their newly develojreti 
plant. Until we get that, nolK)dy can say whether the investment of so much capital is justifiable or not. 
That ia the view which I think we must take on that question at the present moment. I think, my 
Lord, it would be a good thing — and I have said it in otlier places — if tlie Admiralty could Ise induced 
to put down a plant verj- much like the New York Shipbuilding Company's plant. They have everj- 
opiwrtxmity of employing a plant ot that kind with well organised and economical lalx)ur, and 
with a complete supply of work to keejj such a large plant going. I think if they would do it, it 
would teach us a good many lessons in shipbuilding, and the country would save directly in the cost 
of the ships built in the dockyard. I suppose we can hardly hoi^e or exi>ect that they will do that, 
but I am sure it would he a good thing if they would. I do not know that anyone made any 
remarks with regard to the cable system, but, as develo])ed at the Eastern Shipbuilding Company's 
works, with its thi'ee masts and six systems of trolleys, it is equivalent to two cranes over each shiji, so 
that it ia rather letter in that way than the ordinary svstem, which has only one crane over each ship. 
In the New York Shipbuilding Comjiany's Yard, it took two cranes running side by side to do the work 
that is done by the cable aj'stem on one aide of the mast, Ijecause you can work the fore end of the 
ship independently of the after end. That seems to me to t)e one of the advantages of the cable system, 
and, of course, that advantage could l» increased by increasing the numljei' of masts. One of the 
disadvantages of it undoubtedly ia the many anchorages that are i-equired to maintain it in jiosition. 
I do not quite kno\^' how they get over the difficulty of e.\i)an3ion in some of these long cables. I 
have seen the i)lant at work, and it ia a little sur])rising to one who lias Iwen used to positive iiction 
in the way of hoisting gear, to see the cables moving alxjiit in a jjertectly erratic fashion, wobbling 
sideways and in a fore and aft direction at high rates of speed with a load gj'rating through the air. 
But they get the material there very quickly, and it is a very cheap plant to put up. I do not think 
anyone need feai* that the wooden trestles that are put uj) will be burnt by hot ri^'ets. The 
riveta are not any hotter in America than they are here, and we do not get our staging often burnt 
down by hot ri\et3. Tlie reason they use trestle work very largely is, of course, that wood ia, or has 
been, very much cheajier than steel, ilr. Uoxford asked alrout these s))eeds. I have not actually 
measured the speeds, but they certainly look frightful. I was assured liy a man whose iiord I am 
prepared to take, that they had run at GOO teet a minute in the Xew I'ork Shij)building ComjianyH 
Yard, and they look like it. I do not know why they should not ; there is no necessity to linger 
on the road, and when once the material is hoisted, you want to' get it lowered into [Ktsition iw 
quickly as possible. I do not think one need hesitate to adopt plans that will give that sjHjed, and 
if they will not work successfully afterwards, one can alow down a little. 
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The President ; I think, GeDtlemen, we must give Professor Biles a hearty vote of thanks for the 
manner in which he has read this paper, and I i)resunie you will authorise nie or the Seci-etarj" to 
write to Mr. Fairburn to tliauk hhn for the paper he lias written. 

The following has been received from Mr. Fairbubn in reply to the discussion on his paper :- 

I am much indebted to Professor Biles for the verj' able manner in which he hjis read my ^japer, 
and for his kindness in explaining various jwrtions of it and replying so comjjletely to the 
questions raised by the discussion. There is practically little for me to say in i"e|jly to these 
remarks. I beg to assure Mr. John Scott that, on account of the high rate of wages prevailing in the 
United States, it is necessary to adopt all the labour-saving devices possible, and we have- found 
by experience that a crane service over building Ijerths is not only desirable, but absolutelj- essential, 
if economical construction is desired. Almost all the installations m American shipyards have 
proved paying ini-estments, and I can, therefore, conservatively say that the capital expenditure 
involved in the use of an overhead crane service in our country has certainly proved remunerative. 
Mr. Cam|3'3 suggested drawbacks to the use of wood trestles for a crane service are outweighed by their 
many advantages. Wood is usually jjlentiful and cheap in America ; moreover, it can l)e procured 
\-erj- readily, and the wood trestles are often used in conjunction with, or to take the place of, staging 
supports. I do not know of any trouble being ex|jerienced with fires in American yards. Such 
installations make no difference to insurance rates, and fires are just as apt to occur with the ordinarj- 
staging as with crane trestles. It is seldom tliat ri-(-et forges ai-e placed on the outlx)afd staging 
of a vessel, and in America, forges are abnost always inlward. indeed, during fifteen years' exjjerience 
in American shipyards, I do not rememljer a single fire taking place on the staging of any vessel 
undergoing construction. Regarding Mr. C. D. Doxfoi'd's questioi;, jwrtaining to the speed of cranes. 
I would say that at New London, it is a common sight to see the cable carriage travel foi-ward auil 
aft so rapidly that the man holding on to the guide rojje has great difficulty in running on the plated 
deck fast enough to keep his hold on the line. If such a iuaii was travelling at only one-third tlie 
speed of a 100 yard sprinter, the ci'ane tra\el would be 600 feet per minute. I liave frequently 
timed cranes, which have travelled with a load a distance of IJOO feet in thirty seconds from and to a 
])Osition of absolute rest. The lack of skilled lalwur in the United States has made construction 
hy the unicersal and mould methods essential. American shipbuilders have proved to their entire 
satisfaction that, for certain parts of the ship, the universal method of laying off is economical, and 
saves greatly in both cost and time. By the adoption of this method, we can lay oft' and mark our 
plates at a price below British piece-work rates, and the decks, bulkheads, beams, keel, frames, 
Hoors, longitudinals, casings, and portions of the shell are marked, punched, and ready for erection 
many weeks before the ships are ready to i-eceive the same on the stocks. I have seen entire decks, 
G30 feet long and 73 feet wide, marked and completely machined before any deck beams were in position, 
and a great savuig in time of construction has resulted from the extensive and judicious use of 
the universal method of laying off. It may be interesting to note that, when placed in position, the 
holes in the decks above referred to were practically perfect, and a fair deck, according to mould ioft 
shape, was the inevitable ajid satisfactory result, I thank the members of the Institution for their 
kind reception of my paper. All the remarks made are much appreciated, and I can but regret that I 
have not had the occasion to reply at tlie time to criticisms concerning the American methods of 
handling material over shipbuilding ways. 
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A COMPARISON OF FIVE TYPES OF ENGINES WITH KESPBCT TO 
THEIR INERTIA FORCES AND COUPLES, THEIR INCREASES IN 
WEIGHT DUE TO THE ADDITION OF BALANCE WEIGHTS AND 
THE VARIATIONS OF TURNING MOMENT ON THEIR CRANK 
SHAFTS. 

By Professor W. E. Dalbt, M.A,, B.Sc, Assoeiate. 

[Read at the Spring Meetings of the Forty-third Session of the Institution of Naval Architects, 
March 21, l'.Kt2 ; the Right Hon. the Earl of GLASGOW, G.C.M.G., LL.D., President, in the Chair.] 



At the Spring Meeting of 1899, 1 had the honour of explaining to the Institution n. 
simple semi-graphical method of making the detailed calculations required in the 
course of the design of a balanced engine, assuming the connecting rods to be infinitely 
long; and in my paper communicated to the Institution in the spring of 1901, this 
semi-graphical method was developed into an analytical method of including the 
effect of the connecting rod, and also of estimating the magnitudes of the unbalanced 
forces and couples in engines designed without regard to their dynamical balance. 
Both these papers deal with the more theoretical side of the subject, and the practical 
questions of how much heavier the moving parts of engines of the usual type become 
when masses are added to neutralise their unbalanced forces and couples, what change 
in weight is introduced when the conditions of balance are satisfied in the initial 
design so that no balance weights are necessary, what changes in the form of the 
crank-effort diagrams may be expected when the crank angles are set to suit the 
balancing conditions, were not considered. The object of this paper is to consider 
these questions in detail, and to illustrate the various points by means of comparative 
diagrams. 

The only way of balancing a three-crank marine engine of the usual type is by the 
addition of balance weights, or bob weights, to the moving parts. In this case, there- 
fore, balancing necessarily means the actual addition of considerable masses of 
material to the machinery, which have no other duty but that of producing forces equal 
and opposite to the unbalanced forces caused by the motion of the moving parts which 
are concerned in doing the proper work of the engine. It is well known to the members 
of this Institution that Messrs. Yarrow, Schlick, and Tweedy made a departure from 
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existing practice when they began to build engines in which the moving parts 
concerned in doing the proper work of the engine were so arranged that they 
were in balance amongst themselves. In engines of this kind no part of the 
machinery merely turns round or reciprocates for the sake of the forces its motion 
causes on the frame. No such arrangement is possible, however, unless the engine 
has, at least, four cranks. This condition and the progressive increase in the 
power of marine engines have together determined the gradual introdu(^tioa during 
the lust ten years of the four-crank endne into the Navy and the Mercantile 
Marine. Yet that the possibilities of balancing the four-crank engine have not been 
generally recognised is shown by the fact that many engines of that type have been 
and are still being built with their cranks at right angles, even when absence of 
vibration is imperative. Four cranks at right angles is just the one particular 
arrangement of a four-crank engine which makes it impossible to effect balance 
without the addition of balance weights. A change in the crank angles, however, and 
a small change in the mass of the moving parts is all that is necessary to obtain 
an engine in which the moving parts are balanced amongst themselves ; to change, 
in fact, a four-crank unbalanced engine into a four-crank balanced engine of the 
Yarrow, Schlick, and Tweedy type. These changes cannot be made in any arbitrary 
manner. The masses, crank angles, and centres of cylinders must be mutually 
adjusted to satisfy certain conditions. These conditions need not be discussed here, 
nor the methods of finding a solution of the equations expressing them, as these 
problems have already formed the subject of papers by Messrs. Yarrow, Schlick, Taylor, 
Macalpine, Macfarlane Gray, and others ; my own papers already quoted being 
entirely devoted to this part of the subject. In the following comparisous, 
therefore, results only will be given. The comparisons are made between five 
engines of the same power arranged in typical ways. .These different arrangements 
are examined ; first, as regards the magnitudes of their unbalanced forces and 
couples ; secondly, with respect to the increase of weight consequent upon the 
addition of balance weights to the crank shaft to balance the forces and couples in 
the vertical plane as completely as possible ; thirdly, with regard to the variations of 
turning effort. 

Types of Engines. — Each of the five engines is supposed to develop 1,750 I.H.P. 
at 90 revolutions per minute, triple-espansion. 

The first arrangement considered is that of the ordinary three-cylinder marine 
engine, with cranks at 120°, and, in what follows, is referred to as the Triple Type. 

The second type considered is a four-cylinder engine, in which the sequence 
of cranks and sequence of cylinders are arranged in the way adopted in H.M.S. 
Terrible, and is referred to throughout as the Terrible Type. 
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The third airangement of cranks and cylinders is the same as used in 
H.M.S. Powerful, and is referred to as the Potoerful Type. 

In the fourth type, the cranks are mutually at right angles following one another, 
as in the Powerful type, but the sequence of cylinders is that of the fifth type, that is 
to say, the low-pressure forward cyhnder and "the low-pressure aft cylinder are placed 
60 that the high-pressure and intermediate-pressure cylinders lie between them. Thus 
the sequence of cylinders is — 

Low PresBure aft ; Intenitediate Presanre ; High Preeeare ; Low PresBnre forward. 

This sequence of cylinders was used for the first time, I believe, in the engines 
built for the S.S. Innisfallen by Messrs. "Wigham-Eichardson & Co., to an order received 
in November, 1895. The crank angles used in these engines were none of them 90", as 
in the arrangement under consideration, and for this reason the type has been named 
the Modified Innisfallen Type. This type hds been included because the sequence 
of cylinders above, with cranks at right angles, has come into general use in recent 
years both in this country and in America. 

An engine of the Yarrow- Schlick-Tweedy type is the fifth arrangement con- 
sidered, and is referred to throughout the paper as the Balanced Type. A study of the 
curves in the paper will show that this type possesses all the advantages of a balanced 
engine without any disadvantage as regards taming moment, and has the great 
practical advantage that the balancing is effected with only a slight change in the 
weight of the moving parts. The sequence of cylinders is the same as in the Modified 
Inniafallen type. 

It should be distinctly understood that the weights and dimensions of the 
different types have no connection with or relation to the actual engines of the same 
name. The names have simply been chosen for convenience of reference because the 
arrangement of cranks and sequence of cylinders corresponding to them are so well known. 

Weights of the Moving Pabts. — These are shown in Schedule I. It will be 
observed that the weights are the same in gross and in detail for the Powerful, Terrible, 
and Modified Innisfallen types. The high-pressure and intermediate gear of the triple 
type is the same as in the above four-crank types, with the exception of small differ- 
ences in the valve gear. The weight of the low-pressure gear is, of course, considerably 
diflFerent from the low-pressure gears of the other types. There are slight differences in 
the main gear of the balanced type due to the fact that the masses have to be pro- 
portioned to satisfy the balancing conditions. The valve gear in all the four-crank 
types has the same weight in detail and in gross. It will be observed that the total 
mass of the balanced engine compared with the other four-crank types is about 
3J per cent, greater. For the arrangement of the weights of the parts to fulfil the 
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requirements of marine-engine design, I am indebted to my friend, Mr. 

SCHEDULE I. 

Detailed Masses of Moving Pabts. 

Stroke, 33 incheB. Ratio of Crank to Connecting Rod, 1 : 4-44. 

e rednoed to the crank radius of 16^ in. The figures against each crank indicate 

their order, reckoning from the left hand. 
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COMPABISON AS EeGAEDS THE UNBALANCED FoBCES AND CoUPLES. The SerieS of 

diagrams given in the groups of figures A to E (Plate XXXVIII.) enables this com- 
parison to be easily made, because all the curves are drawn to the same scale. In each 
group there are four separate sets of curves, the thick, unbroken curves giving severally, 

The unbalanced force in a vertical plane ; 
The unbalanced couple in a vertical plane ; 
The unbalanced force in a horizontal plane i 
The nnbalanced couple in a horizontal plane. 

In every one of the twenty diagrams, the angle between the several high-pressure " 
cranks and the vertical plane is indicated horizontally. Thus, considering Group A, 
when the engine, the parts of which are detailed in Schedule I. under the head of 
" Triple Type," is running at 90 revolutions per minute, and the high-pressure crank 
is at 90° with the vertical plane, the instantaneous value of the 

Unbalanced vertical force is + 17 tons weight ; 

Unbalanced vertical couple — 50 foot tons ; 

Unbalanced horizontal force — 03 tone weight ; 

Unbalanced horizontal couple — 40 foot tons. 

Or again, considering the curves belonging to the Modified Iiinisf alien type 
(Group C), under the same conditions of speed, the instantaneous values, when the 
high-pressure crank is 90° from the vertical position, are — 

Unbalanced vertical force - 3*2 tons weight ; 

Unbalanced vertical couple — 54 foot tone; 

Unbalanced horizontal force — 1-.5 tons weight ; 

Unbalanced horizontal couple — 4 foot tons. 

It should be understood that the curves showing the unbalanced forces and couples 
in the vertical plane give the effect of the reciprocating parts of the main gear, 
including the obliquity of the connecting rod, the effect of the reciprocating parts of 
the valve gear, assuming an infinitely long valve rod, and the effect of the revolving 
parts of the main gear and valve gear. The curves giving the unbalanced horizontal 
forces and couples include the revolving parts of the main gear and the valve gear. 
The curves for the vertical plane are, therefore, not simple sine curves like those for 
the horizontal plane, since they are distorted by the effect of the obliquity of the 
connecting rod. 

In order that some idea may be formed of the relative effect of the main gear and 
valve gear in producing the unbalanced state, the maximum ortliuate corresponding to 
the harmonic curve representing the effect of the valve gear is added to each diagram 
and marked " V," and the maximum ordinate of the simple harmonic curve repre- 
senting the primary effect of the main gear is added and marked "P." In the 
horizontal plane the sum of the two curves determined by these ordinates results in 
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the thick unbroken curve given in the diagrams. In the vertical plane the aum of the 
similar pair of curves differs from the thick unbroken curve given by the amount of the 
secondary effect due to the obliquity of the connecting rods. 

Comparing the diagrams of Groups A and B (Plate XXSVIII.), it will be seen that 
no advantage is gained by an engine of the Terrible type over an engine of equal power 
of the Triple type. In fact, the unbalanced forces and couples are much greater in the 
former than in the latter type. Comparing the Triple with the Powerful type {Group D), 
there is a distinct advantage in favour of the four-crank engine. The Modified 
Innisf alien type (Group C) has an advantage over all the types represented in 
Groups A, B, D, as regards the vertical couple. Comparing any one of these 
types with the Balanced Engiite of the Yarrow, Schlick, and Tweedy type (Group E), the 
advantage of this latter kind of engine is at once apparent. 

The Balancing of the Teiple, "Terrible," "Powerful," and " Modified Innis- 
FALLEN "Types. — Comparison of Increased Weights. — The question now arises, to what 
extent is it possible to reduce these unbalanced forces and couples by the addition of 
balance weights ? It is only possible to completely balance the revolving masses, bnt 
the primary part of the unbalanced effect of the reciprocating masses in the vertical 
plane may be balanced by revolving masses attached to the crank shaft also, though 
these masses of necessity introduce forces and couples in the horizontal plane equal to 
those which they balance in the vertical plane. The secondary unbalanced forces and 
couples may, it is true, be balanced by suitably attached masses, but they must be 
operated twice as fast as the engine crank shaft. 

This method of dealing with the matter was pointed out by Mr. Macalpine in an 
article in Engineering {February 19, 1897), and methods were given and illustrated of 
attaching masses to an engine to neutralise the secondary and tertiary effects. 
Confining myself to the balancing of the primary effect only, by the addition of balance 
weights to the crank shaft, these have been found for completely balancing the force 
and couple in the vertical plane. That is to say, when these weights are added to the 
crank shaft, the unbalanced force and couple in the vertical plane will be of a secondary 
order, and due to the obliquity of the connecting rod. Schedule II. gives particulars 
of these weights. It will be noticed that, to balance to this extent, requires the 
addition of mass to the moving parts of 52'2 per cent, of their original weight in the 
case of the Triple type, and to a less extent in the three other unbalanced four-crank 
type. The Modified Innisfallen type requires the smallest addition, namely 14-9 per 
cent. The unbalanced forces and couples remaining after the addition of these balanced 
weights are shown by the dotted curves on the diagrams of Plate XXXVIII. It will be 
noticed that in the vertical plane, the unbalanced force and couple curves are all of 
the second order. The effect in the horizontal plane is in most cases increased. In 
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order to facilitate the comparison, the maximum values of the unbalanced vertical and 
horizontal forces and couples have been tabulated in Schedule III., both before and 
after the addition of the balance weights. 

CoMPABisoN AS Regaeds THE Vabiation OF TuBNiKQ Effort. — If the vTork done were 
equally divided between the cylinders of the four-crank engines in which the cranks 
are at right angles, a good crank-effort curve would be obtained independently of the 
sequence of the cranks. Engineers generally prefer to arrange the distribution so 
that the work done in the two low-pressure cylinders combined is about equal to that 
done in the high-pressure or in the intermediate-pressure cylinders. In this case, the 
sequence of cranks becomes an important consideration. To obtain some basis of 
comparison in this respect, the starboard set of indicator cards (Figs. 6 to 8, Plate 
XXXIX.), taken at a full-power trial of H.M.S. Powerful, and published in Engineer- 
ing (October 23, 1896), have been used in the construction of the crank-effort curves 
of the four types of four-crank engines under consideration. This set of diagrains is 
taken to represent the division of work between the cylinders most likely to be used in 
first-class practice, at the present time, for tour-cylinder triple-expansion engines. This 
set of diagrams is used to construct a crank-effort curve for the Balanced type only 
for the sake of comparison. A crank-effort curve more appropriate to that type of engine 
has been constructed as well, from a set of diagrams taken from an actual engine of 
that type. These diagrams are shown in Figs. 9 to 12 (Plate XXXIX.). 

The set of crank-effort curves, all of which have been corrected for the inertia of 
the reciprocating parts, are shown in Figs. 1 to 4 (Plate XXXIX.). It will be observed 
that the curve for the Terrible type (Fig. 1) is of very good form, the ratio of the 
maximum to the minimum torque being 1*68. The minimum torque is 0*73 of the 
mean and the maximum is 1'23 of the mean. The crank-effort curve of the Modified 
Innisfallen type would be precisely the same in fonn as this, if the component crank- 
effort curves belonging respectively to the low-pressure forward and low-pressure aft 
cylinders were identical in form. There is such a slight difference, however, that 
the one curve practically represents the turning moment of the two types. The crank- 
effort curve of the Powerful type is shown in Fig. 2. The variation of crank effort is 
now very much increased. An inspection of the component curves will show that this 
is due to the relatively small proportion of work done in each low-pressure cylinder. 
Fig. 3 shows the curve of the Balanced type constructed from the Powerful diagrams. 
It will be noticed that the variations of turning effort are not greater than the variation 
in the Terrible type, although the general shape of the curve is different. A great 
improvement in this curve is made by using the set of diagrams shown in Figs. 9 to 
12 (Plate XXXIX.), which were taken from an engine of this type. The crank-effort 
curve from these diagrams is shown in Fig. 4. The ratio of the maximum to the 
minimum torque is now reduced to 1*33. The various ratios are set forth in Schedule IV. 
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In the construction of these curves, the foUoTAing data were taken : — 

High pressure 25^ in. diameter. 

Intermediate pressure 30^ in. diameter. 

Low pressure each -iA in. diameter. 

Stroke 3.3 in. 

Ratio of crank to connecting rod, 1 : 4'44, 

Speed W revoltitions per minnte. 

Mass of reciprocating part?, those given in Schedule T. 

The crank-effort curve corresponding to each cylinder is shown in the diagrams. 

The Effect of Ch4ngisg the Conditioss of Compaeison. — Any one of the five 
typical engines may be increased in power by increasing the speed. In this case, the 
curves giving the unbalanced forces and couples (Groups A to E, Plate XXXVIII ) 
remain the same in form, but they must be interpreted to a difierent scale. Thus, if 
the speed is changed from 90 revolutions per minute to n revolutions per minute, the 
space on the paper representing 1 ton weight will at the new speed represent 

Similarly, the distance representing 1 foot ton will now represent 

foot tons. 



(*)■ 



The change of speed will modify the form of the crank-effort curves (Figs. 1 to 4, 
Plate XXXIX.) to some extent ; but, if moderate, will not destroy their general 
character, because, when the cranks are in the regions of 90° and 270°, the inertia 
correction for the reciprocating parts vanishes ; and, at the dead centres, where 
the inertia effect is greatest, the turning moment vanishes. 

The engines may be changed in power by changing their size, the speed remaining 
the same. Providing the weights are all changed in the same ratio, q, say, and the 
centres of the cylinders are all changed in the ratio jj, say, the curves {Groups A to E, 
Plate XXXVIII.) remain the same in form, but the distance on the paper represent- 
ing 1 ton weight will now represent q tons weight, and the distance on the paper 
representing 1 foot ton will now represent pq foot tons. If the change of weight of the 
reciprocating parts is made so that the weight per square inch of cylinder area is the 
same, the crank-effort diagrams will remain the same in form for the same set of 
diagrams for the same speed. If the weight per square inch of cylinder is not constant, 
there will be a change in the form of the crank-effort curves, though, as in the case 
of the change in speed, at the dead centres and in the regions of 90° and 270°, the 
crank-effort curve is unaffected by any change in the weight of the reciprocating parts. 
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If there is a change in size and speed, the change in size being proportionate, then 
the form of the curves {G-roups A to E, Plate XXXVIII.) remains uuchanged^ 
though the distance on the paper which represents 1 ton weight will now represent 

^ ( sK) ) ^"^^^ ™'«"g*it. 
and the distance representing 1 foot ton will represent 

Conclusions. — The curves in Groups A to E (Plate XXXVIII.) and Figs. 1 to 4 
(Plate XXXIX.) show that amongst four-crank engines with cranks at right angles, the 
Modified Innisf alien type has advantages over both the Terrible and Powerful types. In 
fact, it combines to some extent the advantages of both types without their disadvan- 
tages. Its unbalanced vertical couple is about the same as in the Powerful ty^e, and 
considerably less than in the Terrible type. Its crank-effort curve is practically the 
same as in the Terrible type, and much more uniform than in the case of the Powerful 
type. The Balanced engine of the Yarrow, Schlick, and Tweedy'type stands alone 
in the possession of the great advantage that the unbalanced forces and couples, both 
in the vertical and horizontal planes, are practically nil, and that this result is obtained 
without appreciably increasing the weight of the engine beyond the weight usual in con- 
temporary tirst-class practice. The greatest unbalanced eSect is a couple of the second 
order. The crank-efiort curve from one of these engines can be made as uniform as 
the curves from any of the other four-crank types. Many four-crank, quadruple 
expansion engines of the Balanced type have been built, and there is no difficulty in 
securing a good crank-eflfort curve from them. The division of work between the four 
cylinders may be primarily fixed so as to satisfy the conditions of uniform crank-effort 
laid down in Dr. Lorenz's paper. As these conditions may be satisfied in many ways, 
there is ample scope to efEect the division of work so that it satisfies the conditions 
imposed by practical necessity. 

My thanks are due to Mr. Eoberts, senior student in the Mechanical Engineering 
Department of the Technical College, Finsbury, for much help in working out the 
detail calculations, and in the drawing of the curves. 
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SCHEDULE II. 

Details op the Balance Weights which must be added to the Moving Parts to com- 
pletely Balasob the Primaht Forces akd Couples in the Vertical Plane. 

All masses rednced to the crank radios of 16\ incheB. 

The BnbBcript figares give the angle batween the radius of the balance weight aud the high-preseare 

crank, meiBored in a counterclockwise direction. 



— 


1 1 
Triple Terrible Pou^erful 
Type. 1 Type. Type. 


B'-lanced 

TyP*- &h'iek- 

Tweedy. 


Baknce weight attached to the 
crank shaft in the plane of 
the forward crank 

Balance weight attached to the 
crank Bhat't in the plane of 
the after crank 


Tona. Tonii. '. Tom. 

2-2500.,.. 2-7150^ [ (HIIOO,,,. 
2-4700:^. l-4950,^ 1-U00„,. 


Toni Toiu. 

0-52(«),^. Nil. 
0-9530,^ ' Nil. 


Total added mass at crank 
radios 

Mass of onbalanced moving 
parts, from Schedule I. 


4-7200 4-2100 1-1)400 

9-0399 9-02ti4 0-9264 


1-4790 Nil. 
9-02(;4 ' 10-3704 


Mass of moving parts plos the 
mass of the balanced weights 

Percentage increase oE miisp 
due to the addition of Imlanw 
weights 


i;-i-75!W : ItVMH . ll'-SCW 

i 
52-2 42-3 195 


1 
11-4054 : 10-2704 

14-9 Nil. 



N.B. — The diflEerence between the total mass of the moving parts of the Balanced engine of the 
Yarrow-Schlick-Tweedj- type, and the total mas ? of tha moving parts of the engines of the Terrible, 
Powerful, and Inninfallen type, unbalanced, is 03440 tons, being a difference of 3i per cent. 
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SCHEDULE III. 

Approxihate Maximum Magsitddbs of thb Ukbalancbd Vertical a-sd Hohizontal Forces 
akd codplb8 bbporb and after thb addition op thb balance weights given in 
schedulb it. for a speed of sx> rbvolutiosrs per mikutb. 



Magnitudes be/ore the addition of balance weights. 













Sa/»w«( 


Max. Vertical Force ... tons 


TripU 
Tjp.. 

1-80 


T'trible 

Tti». 
5-40 


Tjp.. 


T)l«. 


Tarrow- 
Sokliot- 
Twotdy. 

0-18 


1-SO 


5-00 


„ „ Coaple ...ft. torn 


1200 


2000 


83-0 


52-0 


23W 


Max. Horizontal Force... tottn 


0-60 


2-00 


0-05 


2-00 


0-33 


„ „ UoBple ft.tona 


45-0 


750 


27-0 


170 


3-30 



Magnitudes after the addition of balance weights to completely balance the jn-imanj unbalanced forces 
and couples in the vertical plane. 



Max. Vertical Force ... tans 


0-70 


1 0-23 


OCO 


0-23 


_ 


„ „ CoBple ...ft.tom 


14-0 


11-0 


33-0 


23-5 


- 


Max. Horizontal Force ... torn 


1-75 


3-SO 


1-30 


3-00 


- 


„ „ Couple ft.t<ma 


700 


j 1200 


35-0 


17-0 


- 
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SCHEDULE IV. 
COMPARISOXS OF VARIATION OF TCRNIKG KfFOHT. 



— 


1 


Terrible 
Type. 


1 Powerful 
Type. 


Inniifiillfn 
Tip.. 


Balaxevi 
Tjpe. 


Mean Torqoe. 1,750 I.H.P 
per minute. 


at 90 revulations | 
ft. tons 1 


iCa 


46-5' 


16-5 


i 












A. B. 


Muimiim + Mean ... 




1-23 


!•:) 


1-23 


1-20 1-211 


Minimum ■¥ Mean ... 





l)-73 


0-50 


073 


0-70 0-9U 


Maximum ~- Minimom 




ICS 


2-CO 


1-68 


1-70 , 1:8 



The Btarboarcl set of indicator cards, taken from H.U.S. Powerful duriog a full-power trial (Figs. 
5, ti, 7, 8, Plate XXXIX.), and published in Engineering (October 23, ISDlt, page 532), have been need 
in the drawing of the crank-effort carves, from tvbich the above figures for the Terrible, Power/al, 
Modified Innis/allen, and the Balanced Type (Colnmn A) have been obtained. The curve from which 
the figares in Colnmn B of the Balattced Type have been obtained, was drawn from a set of cards (Figs. 
y, U), 11, 12, Plate XXXTX.) taken from an engine of that type. 



mscussioN. 

Mr. Macfarlane Gray (Member of Council) : My Lord and Gentlemen, as I have devoted nuicli 
attention to this subject, I rise to sj^ak lest a wi-ong impression should be formed regarding uiy 
silence. I think Professor Dalby has done excellent work on this subject, I have avoided reading 
this paper critically, as I wish to have my mind relieved now from such studies. I do not tliiiik 
there is anything to criticise in it, for I ljelie\e it is all right, and I am sure we are all much 
indebted to the author for writing this pajier. 

The President (the Right Hon. the Earl of Glasgow, G.C.M.G.): I am sure. Gentlemen, that 
you will all desire to gi^■e Professor Dalby your very sincere thanks for the interesting jjaper 
which he has given us this evening. 
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A NOTE ON SIMPSON'S RULES. 

By J. Uacfarlane Gkay, Esq., Member of Council. 

[Bead at the Spring Mefltiugs of the Forty-third Session of th« Institution of Naval Architects^ 
March 21, 1902 ; the Right Hon. the Earl of Glascow, G.C.U.G., LL.D., President, in the Chair.] 



Simpson's Rules have two sets of multipliers, the 1,4,1 set and the 1,3,3,1 set. The 1,4,1 
set is based iipoa the common parabola, and the 1, 3, 3, 1 set is generally stated to be 
based upon a parabola of a higher order. This is misleading, as they are all founded 
upon the common parabola, and this Note is written to show how the 1, 3, 3, 1 set is 
obtained from the 1, 4, 1 set. Any parabola of the third order is merely a parabola of 
the second order with every ordinate increased by a constant multiple of the cube of 
its distance from the middle ordinate. As, at equal distances, these additions are 

J}, 




equal in amount but opposite in sign, the area remains unaltered, that of a parabola of 
the second order having the same middle ordinate, for which integration gives the 
multipliers 1,4, 1. 
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The common parabola is a curve whose deflection from a chord at any point i& 
proportional to the product of the segments of the chord at that point. The curves 
dealt with in naval architecture are assumed to be parabolas sheared perpendicularly 
to a base, the normal ordinates retaining their parabolic lengths, with the chord 
inclined to the base. In the accompanying figure the area to be measured is 
A a b c d e'E, having an ogee curve for its upper boundary. According to the 1, 4, 1 
rule the area is — 

The two extreme ordinates and the middle ordinate are here employed, with the 
length A E. This gives the correct area up to the parabola which would pass through 
the points ace, obviously much too great for the area required. Simpson no doubt 
saw that it would give a nearer approximation to substitute half parabolas on the same 
chord a e, through a 6 to K, and through e d to d^, and to take the point Ci midway 
between b^ and d^ as that through which the equivalent common parabola a CyC should 
be drawn. Prosecuting this idea, given the two intermediate ordinates B b and I) d, 
he had to express C q in terms of B 6 and D d in the 1, 4, 1 rule. 

The chord a e is divided into six equal parts and the parabolic deflections at bo, c„, 
do are therefore proportional to 2 x 4 = 8, 3 X 3 = 9, and 4 x 2 = 8, therefore — 
pyij = \IJub, and Cyrfj = ^dud. 

This amounts to saying that Cg Ci is '- times Cq c^, the mean of the deflections at 

b and d obtained by drawing a straight line from b to d. It is obvious then from the 
diagram, that — 

^ An + Ke D /R ft + D rf A « + E e\ 

Cf, = — ^— +^(-^, ^—y 

Now apply the 1, 4, 1 rule with this value for the middle ordinate — 



KY^ 



■ + 



= 7- ■ J, (An + 3BI + 3D(i+ Ec), 

and this is the 1, 3, 3, 1 set of multipliers, or Simpson's Second Rule. 

I apologise for taking up the time of the meeting with such a triile, but 
these rules are of great importance, and the clearer our views are of the nature of the 
multipliers the more valuable they become. 
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DISCUSSION. 



Mr. F. K. Bakniis (Vjce-Pi-eaident) : My Lord, I liave mily a word or tivo to say at this late hour. 
I do not think this matter is really ot vital imiwrtance, and it would 1» l)ett«r, I think, to wait 
for Professor Bryan's contribution on the subject Ijefore we fully discuss it. I might aay, 
however, that I do not think Mr, Macfarlane Gray has proved his case, namely, that of the 
luralnla of the second order aa against that of the third oi-der, as stated in the first paragraph of 
the paper. He has not, at least, satisfied me. 

The President; I am sure, Geiit!eme]\, you will all jom with me in thanking Mr, Macfarlane 
Uray for the paper he has brought before us, Tltat, (jentlemeii, closes the list of papers. 



The following conniiunication lias been reiieived from VrofeA^oi' G. H. Bkyan, F.R.S. : — 

I had occasion to examine the methods of aj)proximat« integi-ation associated with the name of 
" Simpson's rules '" shortly before seeing the proof of Mr. Macfarlmie Gray's pajier, and, as I did not find the 
rule given in elementarj- text-books as "SimiBon'a rule'' quite satisfactaiy for the jiurpose I had in 
view, it api^eared easier to work the matter out independently tiiau to consult more technical treatises. 
which are difficult to obtain in Bangor. The following remarks refer chiefly to the cases of approximate 
integration, where not merely three or four, but any numljer of equidistant ordinates are measured. 
The results, doubtless, are moie or less well known, but a discussion of them cannot tail to be of inteiest, 
if only by attracting attention to the matter, and it may be convenient, for the sake of completeness, 
to work ab initio. 

(1) Trapezoidal Element of Area. — If only the two end ordinates A a, B j> of the area A a b B are 
measured, and if these be y, and y,, their distance apart Iwinp h ; then, if we have no data to detemiinft 




j>^ — r""^ 



tlie sha|)e of the arc a h. we cannot get a lietter estimate of the area than that obtained by treating 
the arc fl & as a straight line, giving the well-known fonnuUe— 



, = A(fL" + "') 



Parabolic Element.— yiext, supposing that three equidistant ordinates i/„ ^„ y, are measured, 
represented by A «. B b, C r. and let k lie, as before, their distance apart (A B), then, as gowl an estimate 
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as we can get of the shape of the curve will be that ohtained by supposing the. co-ordinates of a, 
b, c to satisfy an equation of the fonn — 

</ = A + B^ + Ot», 

which equation represents a parabola with its axis parallel to the axis of y, i.e., vertical, if the axis ol 
X is horizontal. The i-eason for assuming this fomi for the equation of the arc a b c is because it 
is the simplest form which contains three constant which can he determined so as to make it pass 
through the points a, b, c. We thus ohtain for the area between the arc, the end ordinatea and 
the axis of x, the formula — 

3 0/1 + 1 !/. + !/.) 

referred to by Mr. Macfarlane Gray as the "1,4, 1 " rule. 

It will also he necessary in what follows to know the areas of the two halves A b and B c into which 
the parabolic element is divided by its middle ordinate. These, which we shall call the half -parabolic 
elevients, are given respectively by — 

j.^+_8|,, -J,, ^^^ j?»._+^-Jt. „,pecli,elr. 

Cubic Element. — If the base is trisected and y^, y^, y.,, y^ are the successive ordinates, as good an 
estimate as we can form of the curve from these ordinates, and at the same time the most convenient 
one, will !» obtained by supposing the equation of the curve to he of the form — 

y = A + B.r + Gj-^ + Dj^, 

which represents a cubic curve, or the "parabola of higher oi-der" of Mr. Macfarlane Gray's paiier. 
Although Mr. Macfarlane Gray's jjoint appears to be that this form was not. originally considered by 
Simpson, it is shown in Todhunt^r's Litegral Calculus that its adojrtion actually does lead to the 
so-called " 1, 3, 3, 1 " set of multiplies, the area being : — 



We shall, liowe\"er, slio^' that this formula is correct to the same approximation as the 1, 4, 1 
formula, and not to a different order. 

Application to the General Problem. — Now, every method of approximate quadrature consists 
essentially in dividing the area to be measured into n parts by equidistant ordinates, and measuring 
the lengtlis of the /i + 1 ordinates (mcluding the end ones), denoted by y^, i/,, y^ . . . y^. These 
oidinates are multiplied by certain factors which we shall call the veights of the ordmates, and tlie 
sum of the xceighted products multiplied by h, the distance bet^'een each pair of ordinates, gives the area. 

We notice, in the first place, that the sum of the it + 1 weights is equal to n (proved by putting 
all the ordinates equal whei'. the area Ijecomes a rectangle). 

Calling Uu, tr,, u\ . . . w„ the weights of the ordinates, the area is connected with these by the 
formula : — 

Area = h {w^ y„ -H ii\ y^-^ . . . -^ w„ y„). 
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In the trapezoidal rule, the elements of the area are tjiken as trapezoids, giving for the weights the 
values— 

h h h I, . . - 1, i 

The objection to this rule is that it makes the area too small if the curve is concave to the axis of 
I, too large if it is concave to tlie axis ol y. ' 

The form commonly given for Simpson's rule is based on the assumption that a 6 c is one paralx)la, 
cde is another parabola, ef g is a third paraljola, and so on. This assumption requires that the 
number of elements shall be even and the number of ordinates therefore odd, and the weights of the 
ordinates are the series — 

i, i. i, t, i. ■ ■ ■ i, t, i- 

Now the objection to this rule, which suggests itself, is that there a])pear3 to l)e no prima facie 
reason why one set of alternate ordmates y^, y^, y^ . . . should have double the weight of the other 
set 1/.., ff„ yt 

Tliis objection receives support from the consideration that, if instead of a ?» c, c d e, . . . we had 
taken 6 c d, d ef as the parabolic arcs proper, provision lieing made for the two ends, the even 
ordinates y^. y„ y^, instead of the odd ones, would be of double the weight of the others. Moreover, 
aa there is no particular reason why we should take one set of arcs as parabolas i-ather than the 
other set, we are led to the notion of adopting first one series of parabolas and then the other, and 
taking the mean of the two expressions for the area. 

We are confirmed in this view by considering the imrticular case of a sinusoidal cun-e, determined 
by its maximum and minimimi ordinates. Here, one set of ))aralx)tas will evidently make the area too 
lai^, the other will make it too smalt. 

(a) By using the trapezoidal formula; for the end elements, we get the following series of numbers 
for the weights-^ 

i. 4. S. I, S ■ • ., 
and by taking the mean between these and the ordinaiy Simjison weights alwve found, we get for 
the weights — 

TJ. ij. 1. 1 1, ... 1, \^, iV 
a result which is true whether the numljer of ordinates is odd or even ; for, in the case of an even 
number of ordinates, we only have to take the mean of two sets of weights, each of which corresponds 
to taking one end paraliolic and the other trapezoidal. 

(ft) By using the formulce for the half-parabolic element for the ends, we get the new series of 
weights— 

iV 1, i h t> h i, 

which, combined with the ordinary Simpson series, gives — 

I. 5, u, 1. 1. 1, . . . ], H. ;, I- 

(c) By using the formulae for the cubic clement for the portion included Ijetween the first four 
ordinates, and regarding the sulisequent aits through three consecutive ]>ointa as parabolic (as explained 
above), we find the series of weights — 

i, :, i, !i, j, I. i. 
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which, in combination with the ordinary Siinpson series, give — 

H, K. !»■ !»■ 1, 1, 1 . . . 

(d) By drawing intemtediate ordinates bixecting the widths of the two end elemcRts. — We may 
call tbese bitermecliate ordinateii j/j and y_„^. Ai)plying the 1, 4, 1 rule to calculate the ai-eaa of the 
elements iu questiou, and using Simpson's ordinary rule for the remaining portiona of the cune, we 
get the following series of weights, thoae of the iiitcniiediate ordinates y^ and ya_^ being enclosed in 
square brackets — 

i, H ], i, I, », i, ■■■ 

or, by a combination of this method with the ordinary Simpson series : — 



i. [*]. H, I. 1, ■ 

In order to test the relative accuracy of the ^-ariou 
calculation of log, 5 and log^ 10 from the fonnulte— 
fir , 



■ 1. ih, [*], i- 
methods,! have applied them to the approximate 



l-og. ft 



=/:.' 



y 10 X 



by means of the values of the ordinates cori-esponding to X = ], 2, 3, 4, 5, G, 7, 8, U, 10, The follow- 
ing table shows the results, the correct values (taken from Todhunter's Algebra) being log^ 5 
= 1-601)43791, log, 10 = 2-302r)8509. 







W.ishl, 


oE Ordinatef 






log. 6 


1.8. 10 


0,.„ 


M«Uiod. 










lit 

y«'t 

1 


V-' 

1 


1 


Cnmot 

YalD-. 


Em>r. Cnnect , Error. 
V.I..O. 
2-3(h>5e 


Approxi 
roatiou. 

h 


Trapezoidal 
Rule 


i 





1 


1 


1-62897 


•Ol'.lo3 \ 8-.'i79(l ' -0764 


Simpson's 
Rule 


J 




i 


% 


* 


} 


} 


l-(il(IS4 


Method cannot be 

■00141 1 used with an even 

[nnmber of ordinatef 


ft' 


{") 


A 


- 


IS 


1 


1 


1 


1 


1-G1»00 


■OOC57 ; 2338:! -0357 


h' 


('') 


t 


- 


i 


» 


1 


1 


i 1 


1-C1242 


■00293 ; 2^32J3 ; ^0217 


>,• 


(f) 


F, 


_ 


i'. 


a 


','. 


1 


1 


1-ClUl 


■00197 1 2^3191 ' -OlCi 


h' 


(rf) 


i 


i 


n 


I 


1 


1 


1 


i-Giosi; 


■fKI092 '■3104 ■OO?* 


S' 



It will be seen that Simjraon's rule gives a result intermediat* Isetween those obtained by methods (c) 
and (d), but the example is rather a severe test of any rule, because the correct area between the first tn^o 
ordinates is really log^ ^, and there is not much to choose Ijetween Sijn])Soii's rule luid method {c). ^ a 
matter of fact, when we consider the order of ajjproxiniation of the result, both are equally good, as I 
proceed to "how in the next part of the [raper. 
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Degree op Appboximation of the 1, 4, 1, and 1, 3, 3, 1, Rules. 

A good deal of misunderstand mg exists as to the order of approximation to which the areas of curves 
are given by Simpson's and other formulse. 

If K 1)8 the number of parts into which the horizontal axis is divided, so that the total number of 
ordinates is n + 1, and a the whole distance lietween tlie Ixiundiiig ordinates, the distance h between 
successive ordinates will be given hy nh = a, and the order of approximation will depend on the lowest 
power of k which it is necessarj- to neglect in taking the approximate formulae as representing the area. 

Trapezoidal Rule. — Considering the atrip bounded by two successive ordinates, take as origin of 
abecissiE a point midway between them, and suppose the equation of the curve between the limits of 
these ordinates to lie given by the approximate formula — 

y = A + B.) + Cj^ + Dj^ + Ej:* . . . 
The correct area between the bounding ordinates x = ^h and x = — J A will !» toimd to be — 









S = 


: AA + 




+ 


¥■- 


given 


l,y 


the 


trapezoidal rule being- 
Si = 


A4 + 


04' 

-J- 


+ 


^>- 



.2A4+i^" + • 



90 that, (:^)ing no further than A.', there is a difference in the terms of the third order ui h, represent^ 
by J (' h^, and when all the elements are ti—ated in this way, tJie peii-eiitage eii-or in the area of the 
whole cur^'e will be of the order of the I'atio of A.' to a^, or, as we shall say, of the order of hr. 

The I, 4, 1 rule. — In this case, taking the ordinates to be « s^ —h, x= 0, z = k, and the approximate 
equation of the cur\'e within these limits to lie the same as before, the area is found to be — 

aCA" 
3 
while that gi\en by the 1, 4, 1 rule is — 

the oppiDxiinafe error being |"^- E k", and giving for the whole curve an error of the order A*. 

The 1, 3, 3, 1 rule. — Here we take the equations of the ordinntos to lje ic = — -^ k, x = — J A, 
3! = J A, and i = ^ A, and the area of the cur\e is — 

4 HO 

that given by the 1, 3, 3, 1 rule being — 

s. = 3A;, + «*! + «?|i' 

Tlie apisroximate enx)r is here i"^ E A', and is still of the order A', or for the whole curve, of the fouith 
order. 

Applying these results to the methods here suggested, it is found that — 
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A NOTE ON SIMPSON'S RULES. 
The ordinary trapezoidal rule is con-ect to the first power of h, but not to k^. 

Method (o) is correct to h^, but not to A.', as errors of this order are introduced uito the two eud 
elements, when these are treated as trapezoids. 

Uethod (6) ia correct to k^, but not to k*. The use of half parabolas at the two ends introduces 
errors of order A.*, which are of the same order as those produced by the 1, 4, 1 rule in the rest of the 
curves. 

Methods (c), (d), (e), and the ordinan- Simpson's rule are all correct up to A.', but not to h\ because 
they are all based on the 1, 4, 1 rule, or the 1, 3, 3, 1 rule. One method may give a rather smaller 
error than another, but there is no difFi'i-eiice in the order of approximation of the methods. 

It should be observed that the results given by methods (a) and (6), only differ by half the sum of the 
areas between the chords of the two first and last elements and their arcs, regarded as parabolic, and if 
it be decided to n^lect this difference, the -^, \^ rule becomes applicable. 

Method (a), moreover, if less accurate tlian the others, is very simple to use, as it merely i-equiiw 
the Bum of ordinates used for the trapezoidal rule to be corrected by the addition of — 

I'll (ffi - yo + y^-i —j/Ji 
M regards method (b), this can be employed by applying to the trapezoidal rule corrections 
represented by — 

*{(//. + J/n-i) - (j/o + y.) } - U (y« + y« ») - (J/i + J/.i) } 
For method (c), the corrections to be applied become — 

(i + A) { (ffi + ff.^i) - too + y,) > - -r*, £ (y. + y„_,) - (y, + y.-O 1 
+ 4^ { 0/1 + y.-.) - (yj + y-»)}- 

For method (d), the corrections are — 

- Hyu + y.) + i (y* + y,.i) - Vi (yi + y.-O. 

I regret that this paper has extended to far greater length than I had originally wished, and, even 
in the present remarks, it has not been ]>ossible to discuss the application of Simjison's and allied 
formulue to the areas of oval cur\'es, where further difficulties present themselves in coimection with the 
first and last elements. But I hope to have shown (1) that the 1,4, l,Hnd 1, 3, 3, I formulae represent the 
same degree of approximation, and (2) that, ui measuring areas where a large number of ordinates 
are drawn, there is no degree of approximation obtainable by assigning unequal values to the odd and 
even ordinates in the middle of the curve which cannot be equally well obtained by applying to the 
trapezoidal rule a correction determined by three or four of the orduiates at the beginnuig and end. 
of the curve whose area is required. 
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CONCLUDING PKOCEEDINGS. 



Sir Nathanih. Bahnaby, K.C.B. (Vice-Preaident) : Might I, my Lord, now ask that a hearty 
■vote of thanks be given to the Society of Arte for the loan of their beautiful Hall ? For more than 
forty yeara they have given ua this hospitality. Among the many good works which they have 
done for the country, I think they may well reckon that of having given 3helt«r to this Institution. 
We, ourselves, have done good work, but we have been helped greatly by the hospitality which the 
Council of the Society of Arts have accorded to us, and I propose that we give them our very 
hearty thanks. 

Mr. Barnes : My Lord, I cordially second that proposal. 

The resolution was put and carried unanimously. 

Mr, H. M. RouNTHWAiTE (Member) : My Lord, I am asked to propose a vot« of thanks to the 
Council. As you know, they are all men working at high pressure; many of them come long 
distances to give us the benefit of their advice and experience, and I think we oi^ht to be very 
much indebted to them, as indeed I know we all are. I have just one little remark to make — just 
a suggestion to throw out which may, perhaps, be considered hereafter. These are days of " spade 
n'ork " and " efhciency," and our ordinary members are often put in an invidious position by being 
asked to decide between a retiring member of the Council and a new candidate, and they have uo 
means whatever of knowing whether they are dismissing an old servant who has done excellent work, 
or whether they are dismissing a member who, from personal inertia or from pressure of business 
eng^eraents, has not given sufficient attention to the requirements of his position. I suggest that 
if vre had the number of attendances which each member of Council has given, shown in brockets 
after his name on the voting forms, it would assist us in our selection. I have only that suggestion 
to make, and I have very much pleasure in proposing a \'Ote of thanks to the Council. 

Mr. P. Edwardg (Member) : I have much pleasure in seconding that. 

The resolution was put to the meeting and carried unanimously. 

Mr. JOHX Scott, C.B., F.R.S.E. (Member of Co\mcil) : My Lord, will you allow me to ask the 
members of the Institution here present to accord to your Lordship a very hearty vote of t>n»Tilt« for your 
conduct in the chair during this series of meetings. We are all aware that you hastened home 
from what was no doubt an extremely pleasant tour in f^"pt, so that you might be able to 
perforin your duties on this occasion. We think, therefore, that more than an ordinarily hearty vote 
of thanks is due to your Lordship for the earnest manner in which you have performed your duties 
on this occasion as our President. We have had many Preaidente in this Institution, although not 
a very large numixr, considering the time of its e,"ci9tence. Sir Nathaniel Bamaby and some of my 
colleagues here have seen tliem ail in office. I aho am one of that numlxr, but I do not know that 



y Google 



292 CONCLUDING PROCEEDINGS. 

we have ever had one filling the chair who has performed the duties of the office in a more genial 
aad fitting manner, and therefore, my Lord, we desire to offer you our v'ery hearty tiianks. 

Mr. S. W. Babnaby (Member of Council) ; Gentlemen, this motion, which has been proposed m 
such suitable terms by Colonel Scott, needs no words of mine to commend itself to you, but I hope 
his lordship will forgive me if I repeat what was said to me this afternoon by one of our foreign 
members, becauae I think it aw^ords with the feelings of us all. He said, " Your new President is 
splendid 1 " As this motion cannot be put from the chair, I ask you, gentlemen, to accord the vote of 
thanks in the usual way. 

The motion was carried with acclamation. 

The President (the Right Hon. the Jiarl of Glasgow. G.C.M.G., LL.D.): Gentlemen, I have to 
thank you ^-ery cordially for the kind maimer in which you have received the motion proposed by my 
friend Colonel Scott, and seconded by Mr. Barnaby. There ia only one way in which I can place 
myself at all upon the same footing as the scientific men I see before me, and that is, that when I 
have a piece of work to do, I try to do it thoroughly, and, having taken on myself the high honour 
of being your President, I shall always, as long as I hold that position, do my I}e8t to fill it properly. 

The proceedings then terminated. 
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INTRODUCTORY PROCEEDINGS. 



The Summer Meeting of the Schiflrbautechnische Gesellschaft took place at Diiaseldort ou June 2 to 5, 
1902. The members of the Institution having been cordially invited, through the President, Herr 
Gebeimrath Busley, to take part in this meeting, a number of them (amounting, with the ladies of 
the party, to over 150 peraons) took advantage of the invitation. The Council of the Institution were 
represented by the President, accompanied by Lady Glasgow, Lord Braasey, Dr. Elgar, ilr. J. 1. 
Thomycroft, Professor Biles, Mr. Comiah, Mr. D. J. Dunlop, and Mr. Milton. 

An informal reception took place on the Sunday evening in the smaller hall of the Biisseldorf' 
Municipal Concert Hall, when Professor Bualey briefly welcomed the guests, and notified one or two- 
slight changes in the original programme. 

The meetings, dinner, and reception were all held in the Stadtische Tonhalle (Municipal Concert 
Hall), a handsome building in the centre of the town, which afforded accommodation in its principal 
hall for the members and guests who had been brought together to the number of nearly 700. 

The first meeting was held on Monday morning, June 2, at 10 o'clock, when H.I.H. the Crown Prince- 
of Prussia, accompanied by Vice-Admiral von Tirpitz (Secretary of State for the Na^y), arrived in 
the reception hall of the Municipal Buildings, where Professor Busley introduced the chief representati^-es 
of each nationality to His Imperial Highness. The Crown Prince then proceeded to the King's Hall, 
where he met with a most enthusiastic reception. 

His luPKRlAL Highness, on behalf of H.M. the Cierman'Emperor, expressed His Majesty's regret 
at beii^ imable to be present in person, as patron of tlie Scbiffbautechnische Oesellschaft. His 
Highness then welcomed the assembled guests and declared the Congress open. 

Professor BusLKY (President of the Schiffbautechnische Oesellschaft) proceeded to deliver 
his inaugural address. He pointed out that this was the first time that their Society had held a 
regular Summer Meeting, at which thej' were able to welcome the repre«entati%-es of allied 
institutions from other countries. He traced the progress of these institutions as illustrating the- 
growth of the importance of naval architecture and marine engineering as factors in national welfare. 
Beferrbg to England, Herr Busley paid a high compliment to the Institution of Naval Architects- 
as the model upon which the others had been founded, and he laid stress on the debt which (lennan 
naval architects owed to England for the lead she had gi^en to other nations. 

"It is only natural." he said, "that we should maintain the closest relations with the English 
Institution of Naval Architects : firstly, because. Iiaving been founded in 1860, it is the oldest of such 
institutions; and, secondly, on account of the great number of our countrj-men. now occupymg high 
positions in their native country, who have bad a part, at least, of their practical training in England- 
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Many of these, in returning to their homes, have carried away the happiest recollection of England, 
and of the friendshi[}9 they have made there." 

Other a]jeechea of welcome followed from Herr von Hoixeufeb, the Governor of the Bhenish 
Provinces; Burgomaster Makx, Mayor of Husseldorf ; Herr Line, Director of the Exhibition, and 
Herr Carp, President of the Rhenish Shipowners' Association. 

The Earl of GL.^SfiOW then rose to return thanks on Iiehalf of the memljers of the Institution of 
Naval Architects : — 

Your Imperial Highness and Gentlemen,— This is not the first occasion on which the Institution 
«[ Naval Architects has been made welcome on German soil ; ah-eady, in 1896, lx)th at Hamburg 
and Berlin, the Institution, under the presidency of ray predecessor. Lord Hopetoun, experienced tlie 
great wealth of German hospitality, and many of those present to-day will douhtless-recollect the splendid 
reception they received on that occasion. But in those daj-s, although it is only a few years ago, 
your Society, as an Institution, did not exist, and the present gathering, with its promise of a most 
interesting and entertaining series of meetings and visits is an eloquent testnnony to the wisdom of 
the foundei-a of the Schiffbautechnische Gesellschaft, and the energj- and thoroughness with which 
they have carried out their task. Yoiu- Society has had a singularly rajjid growth ; its uiception 
may be said to have originated with that Summer Meeting of our Institution in 1896, as plans were, 
soon after that, formed for establishing it on lines similar to our own, although it was not until three 
years later tliat the scheme took final shape ; and now you numter, I am told, already nearly 1,000 
members ! But we have also a further and a closer tie, and that is the number of your members, 
and of your csunti-jmen generally, who are members of our own bistitution. These exceed by far the 
numbersof any other countrj- represented with us, and, although you now have a similar establishment 
of your own, I trust I may not be too sanguine if I express a hoj^e that we may in the future, as in the 
past, continue to number many and stilt more of our Gei-man friends among our members. 

The 'gracious presence of His Imperial Highness the Crown Prince, representing, as he does, his 
august father, lends additional value to this meeting, by proving His Majesty's continued interest in 
the welfare of Institutions of Naval Arehitects and Marine Engineers all the world over, and in the 
work — of national importance — which they carry on. Indeed, the promotion of the cordial relations 
which exist between the various institutions of this kind, among tiie leading maritime nations, is a 
ver}" gratifying result of th^"Open Door Policy" (if I may use the expression) which has been 
jjursued with regard to the interchange of professional knowledge and experience. If we, as the 
parent Institution, can claim to have uiaugurated this jwlicy, it ia no less gratifying to find that 
you have followed on the same lil^eral lines, so that the undoubted benefits which accrue from such an 
interchange of ideas, and from the comj]ai'ison of results of investigation and experiment, may Ije 
reaped by all alike. 

The E-vhibition, which is now teiug held here, and which we are looking fonvai'd to visiting in 
lietail during the next tew days, has already been recognised in the uidustrial world as a very 
i-emarkable proof of the activity of your local iron and steel uidustries and allied manufactures. 
That this great Elxhibition should represent the industrial dexelopment of only two of the Genuaji . 
Provinces is a very striking ijidicatiou of the general ])rogress of the Oennau Empire, and we are 
vei"y glad of this opportunity of seeing for ouraehes the many exhibits of interest, the living p:xx)fs 
of the skill and industry- of your Rhenish ironmasters and engineei's, who have contributed so greatly 
^to the proajjerity of your country. 
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Monsieur Normand, Viee-President of the Association Technique Maritime, returned thanks on 
behalf of the French guests. 

Professor Busley then announced that the following telegrams would be despatched, if approved 
by the meeting : — 

Text of Tklegbaus. 

To His Majesty tue Emperoe, Potsdam. 

The shipbuilders and shipowners of America, Belgium, England, France, Holland, Norway, Austria, 
Russia, Spain, and Germany, now assembled in Dusseldorf, beg respectfully to thank your Majesty for 
havuig appointed His Imperial and Eoyal Highness, the Crown Prince of Prussia, to inaugurate their 
Congress, and they venture to express the hope that your Majesty will graciously continue in the 
future as m the past to take the same interest in the laudable objects which they have in view. 

(Signed) BUSLEY, President of the Schiffbautechnische Gesellschaft. 
GLASGOW, President of the Institution of Naval Architects. 

To His Royal Highnesa, ike GRAND Duke of Oldenburg, Oldenburg. 

The shipbuilders and shipowners of America, Belgium, England, France, Holland, Norway, Austria. 
Russia, Spain, and Germany, now assembled in Dusseldorf, venture to send your Boyal Highness their 
heartiest good wishes for a safe return home, at the same time expressing their deep regret that your 
Royal Highness should be unable this day to occupy the presidential chair. 

(Signed) BUSLEY, President of the Sehiffbautechnische Gesellschaft. 
GLASGOW, President of the Institution of Naval Arehitects, 

The despatch of these messages having been imanunously agreed to, the President then called upon 
Herr Schrodter to read his paper. 
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THE IRONMAKING AND SHIPBUILDING KUrSTRIES IX GERllANY. 
Abstbact op Paper read by Herr E. Schroedter, Secretary of tlie German Iron aiid Steel Institute. 
(Monday, Jnne 2, 1902.) 



This paper give9 a aketch of the general development of the Iron and Steel Manufacture and of Ship- 
building in Germany, coniimrea the extent of these industriea with their present )x>3ition in foreign 
countrieB, and discusses also some of the conditions which have had an influence upon their growth. 

It ia pointed out that the distribution of the coal mining, iron ore mining and pig iron making in 
Germany ia not ao fa\'ourable as in some other countries, as there are, in many cases, considerable 
distances between the coal basins and the ore diatricta ; whilst, in all cases — especially as regards the 
important works in tIpiJer Silesia — there are great distances over which the iron products have to be 
transported, m order to reach the sea coast. In spit* of these disadvantages, the iron and steel trades 
of Germany have expanded enormously during the last decade ; and, in view of the inexhaustible 
supplies of coal and ore known to exist in the German Empire, the future develojjment of GennaJi 
industries is full of promise. 

Some very instructive diagrams are given showing the total ])roduction of pig iron, during the thirty 
years extending from 1870 to 1900, in Germany, Great Britain, United States. France, Aastria-Hungan-, 
and Russia, and also showing the steel production in the four first mentioned countries from 
11:^80 to 1900. In regard to pig iron, during the thirty j-ears considered, Germany has alwav-s tafceu 
third place, the first place having Ijeen occupied by the United Kingdom, and the second by the United 
States, until 1889, when these two jxwitions were re\er8ed. While Germany still takes the third ]jlace 
as regards pig iron, she is now very little Ijehind Great Britain, although, in 1870, her production was 
only one-quarter that of the British Isles. 

Turnmg to the steel production, however, the recent gron-th has been relatively much greater iu 
Germany, so that she now takes the second place, the United States being first and Great Britain 
third. This industry, as regards structural steel, may lie said to have started towards the end of the 
seventies. Since that date the figures are :— 



Y.nr. aernmny. ' Gi«at BritAin. 


United StntB^ 

4,278,000 Ions 
10,218,000 „ 


1880 C14,IK)0 tons ! 1,300,000 tOKB 
1S90 1,588,000 „ j 3,580,000 „ 
I'jorp ; 6,541,000 „ j 4,724,000 „ 



Not only has German steel making largely progressed in regard to the total output, but the actual 
cajjacity for the production of large pieces has more than corres|X)ndingly advanced. In 1880 only odb 
firm in Germany could make plates Oft. 2 J in. broad, and only two others could deliver up to 7 ft. 6^ in. 
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dud 6 ft. 25 in. broad respectively. Now plates can i» made 11 ft. 9^ in. broad, 65 ft. 7J in. long, by 
IJ in. thick.* 

In heavy steel forgings an earlier development was made. So long ago as 1852 Krupp commenced 
making crucible steel forgings for carriage axles. In 1853 he made steel crank shafts for the Bhiue- 
Cologne Steamshipping Co. The first at«el propeller shafts were made in 1855 for the Danube StCiam- 
shipping Co., and four straight steel shafts, weighing altogether 22J tons, were made for the Flinch 
Uinistrj- of Marine, also in 1855. In 1861 the Hamburg-America Co. ordered one crank shaft of 4"14 
tons and one straight shaft of 3J tons. In 1863, English firms commenced to order both crank and 
straight shafting of steel. Now, thanks to the use of powerful forging presses, shafts can be, made of 
much larger dimensions, one being shown in tlie Diiaseldort Kxhibition 150 ft. 3 in. long, having a 
finished weight of o-(-er 51 tons. This shaft shows very clearly that the (.Jerman iron industry is ahead 
of the requirements of the shipbuilding trade. 

Steel castings are claimed to 1» a German invention, the first having been made by Jacob Meyer, 
the founder and first technical manager of the Cast Steel Works of the Bochumer Verein, which 
were erected in 1843. The Essen Cast Steel Works took up the manufacture in 1862. In 1872, the 
Bochumer Verein cast a four-bladed shijj's propeller 16 ft. 3 in. diameter, nearly 9 tons in weight, for 
the Hamburg- Am erica Company. In the early seventies a cast steel works, now belonging to Krupp, 
was established in Annen, and towards the end of the seventies propellers, cross-heads, pistons, and other 
marine engine castings were made there for the home industry. In 1881 the first propeller brackets 
were made tor a German builder, and in 1882 similar articles were sent to England. In 1886 the same 
works delivered the first steel sternposts for the Vulcan Yai-d at Stettin, and for the same 
vessels, steel castings were made for cross-heads, crank shaft t)earing3 and hollow connecting rods. In 
1888 anotiier steel foundry was erected in Essen, and then began a large manufacture of marine con- 
structive details, such as stems and sternposts, engine frames and columns, pistons, cylinder and slide 
chest covers, &c. From the middle of the nineties onwards this trade expanded, mainly owing to the 
exceptional demands made on it by marine engine builders, whose requirements have been tlie means 
of spurring on the steel makers to attempt and to succeed in their great performances of to^iay, the 
high character of which is proved bj' the numerous exhibits in the Diisseldorf Exhibition. These also 
show that, at the jjresent time, the manufacture of steel castings of all kinds is not confined to a few 
works, but is spread o\-er nearly the v/hol? country. 

Armour plate manufacture was Ijegun iu 1876 by the Dillinger Hiittenwerke, who made, the 8 in. 
wrought iron armour for gunlx)ats of the W'espe class. In 1877, a compound armour came to the front, 
and in 1880 and 1881 the Dillinger Company commenced its manufacture, and continued making it 
until 1892, the thickest plates made being 15 in. In 1891 Krupp started a rolling mill for annour 
plates, commencing by manufacturing compound plates, but in 1892 these were given up, and un- 
bardened nickel steel used instead. In 1893 a new quality of oil-tempered nickel steel of medium 
hardness was mtroduced. In 1895 Krupp first jiroduced the hardened nickel steel plates which are 
now made by almost everj' armour-making firm in tlie world. 

With regard to shipbuilding. Great Britain takes the first place by a long lead. Germany and the 
United States come next, there being little difference between these countries, in some years one, and 

• In Mr. Sachaenberg's paper reference is made to a boiler plate exhibited by the Krupp firm, the 
dimensions being ^7 ft. J I in. long, 11 ft. 11} in. broad, and IJ in. thick. Also to two plates made by 
the Cntehoffnungshiitte of Oberhansen from 1)5^ ft to liO ft. long. Besides these, the Hoerder Company 
exhibited two plates, one 74 ft, by 10 ft. in., the other 82 ft. long by 7 ft. 9 in. wide, both being \l in. 
ihick, and the Gewerkschaft Grille Funke & Co. exhibited one plate 82 ft. by 6 ft, 6 in. by J in, thick. 
the tiiinness of these increasing the dilBculty of rolling. 
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in other years the other leading, but both are considerably ahead ot France, which conies fourth on the 
liat. Although Germany is a long way below Great Britain in point of tonnage, the total for last year 
being below that produced on one river of the North-East Coast of England, her shipbuilding has made 
a very great advance from a technical point of view.and in the case of the performances of a few vessels, 
she holds an unbeaten record. One reason assigned for the lateness of the development of the sh\\> 
building industry in Germany is the influence of classification societies. The Bureau Veritas was 
founded in 1830 ; Lloyd's Register was established in 1834, by the fusion of two organisations founded 
respectively in 1760 and 1799 ; but the Germanischer Lloyd only came into existence in 1867. Rules 
for the building of iron vessels were issued by Lloyd's Register in 1854, and by the Bureau Veritas iu 
1858, but it was only in 1877 that the Germanischer Lloyd published their rules. However, in spite 
of the lateness of its origin, the (iermanischer Lloyd is successfully holding its own against the older 
competitors, as is shown by the i-ecords of the last twelve yeais. 

Other and probably moi-e ini))oi'tant reasons assigned for the enormous lead ot British ship- 
building are that in Gennany the iron works lie far from the coast, whereas in England they are 
eomparativeiy near the shipyards ; and that in Germany the proportion of the iron material made which 
ultimately becomes used in shipbuilding is very small compared with the similar pi-oportion obtaining 
in the United Kingdom, rendering it unjirofltable for the Gennan iron rolimg mills to make the 
special sections required for shipwork. Another point is that the German sections i^-ere arranged tor 
metric measures, whereas in England the sections were made in English measures, in accordance with 
the requirements of the rules for shipbuilding. These influences were so great that even when 
German shipbuilding began to expand, the sections were for a long time nearly all obtained from Great 
Britain, and it is only owing to a comparatively recent combination of German ironmasters, who 
agreed upon standard sections and undertook joint delivery and made a suitable division of the work 
among themselves, that the present use of German sections for German shipbuilding lias become 



In dealing with structural steel, it is natural that the rules for testing the quality should receive 
notice. The paper points out that the various bodies controlling these points, such as the Registration 
Soeieties, the various Admiralties, &c., all fix di£ferent limits of t«nsile sti'ength for the material they 
approve of. This leads to difficulties where two or more of these bodies have to !)e satisfied at the same 
time, in some cases the requirements l^ing so different that there is little or no common ground betTi-een 
them. The author advocates low tensile strength for all purposes, preferring the limits of 2^4 — 28 tons, 
and states that the elastic limit of steel of all degrees of hardness is exactly the same, and that, accordingly, 
within the strain limits peiinissible and usual, soft and hard metal Ijehave in exactly the same manner. 



DISCUSSION. 



Herr Budloff (Director of Naval Construction) raised the question of the quality of shipbuilding 
material. The controversy Ijetween steelmakers and shipbuilders was hardly, he thought, as acute as 
the author had pictured it. Owing to concessions on Ixith sides, the situation had materially impro^^ed 
in recent years. In the Im])erial N'avy, for instance, the requirements of 1896 had not been adhered to, 
and for over eighteen months the specifications and testa required of steelmakers had been reduced in 
severity. For all parts not severely stressed, milder qualities of steel, tested up to 22 to 26 tons per 
square inch, were allowed to be used. As tensile strength is of the utmost importance in naval construc- 
tion, it would be wiser to quietly await developments rather than to jump at sudden conclusions. This view, 
the speaker declared, was entertained by the North German Lloyd as well as by the Imperial Navy. 
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Chief Ooustructor Wiksinger, of Daiizic, thought that the Geniian Admiralty and the North Gennan 
Lloyd had done more to meet the wishes of the steelmakers than had the English Lloyds Register Society. 

Herr Eichhofp thanked the naval authorities for having in recent yeara consented to revise their 
test requirements. So long as England occupied her present leading [Xjsition in the shipbuilding world, 
it would be necessary for German shipbuilders, if they wished to keep abreast of their English confreres, 
to adapt themselves to these conditions. The speaker proposed that a committee should be appointed 
to inquire into the whole question of quality of material, and to issue a report afterevidence from ship- 
builders and steelmakers had been received. In this way, the speaker hoped, the existing disadvantages 
would be removed, and the requirements lessened little by little. 

Herr LliEG, of DiisHeldorf, remarked that this was a very suitable place in which to raise this 
question, as the neighbourhood would furnish many representatives willing and anxious to take part 
in the proposed conference, the question of strength of materials being one of the higheat importance 
to the district. 

Herr Miudendorf and Herr Kixtzli also spoke in favour of simplicity and unification of teats. 

Monsieur Daymabd (Engineer-in-Ohief of the Bureau Veritas, Paris) considered that Herr Schroedter, 
in recommending the use of mild in preference to hard steel for shipbuilding pm-poses, had raised the 
question of the suitability of converter steel, and, in the speaker's opinion, this material required very 
careful selection of its constituent parts to avoid brittleness, which is a very common drawback t» its use. 
As regards the use of steel of high tensile quality, so much weight could nowadays be saved in this 
way that shipbuilders and designers would not readily give up employing it for warships and high-speed 



Professor BusLEY (President) rose to assure the meeting that he felt convinced of the willingness of 
his Society to take up the proposal of Herr Eichhoff to appoint a committee to inquire into the matter. 

The following are extracts from written contributions that have been made to the discussion on the 
jil»ve pa|;er : — 

Mr. J. T. Milton (Member of Council, I.N.A.) points out, with reference to the differences that exist 
between the requirements of the registration societies and those of the \'arious Admiralties, that these 
requirements do not have to be met at one and the same time. As regards the author's objections to the 
present fixed limits of strength because the results obtained from different test pieces are not identical, 
the writer considers that slight differences must necessarily occur as the result of small personal erroi-s of 
ob3er\'ation and the want of absolute homogeneity in any given material, hut with careful testers and good 
testing machines, these differences should be small enough to Ije negligible in ]>ractice. Commenting 
on the author's advocacy of the use of mild steel, on the ground that the elastic limit is the same for steel 
ot all degrees of hardness, the writer considers that, even if this were the case, it by no means follows that 
the elastic limit of the test pieces is the useful limit of strength of the material in the structure. The 
splendid examples of metallurgical skill on view at the Dusseldorf Exhibition seem to show that Gennan 
steelmakers, so far from taking the views expressed in the paper, are advancing in the direction of using 
larger and stronger pieces and building more and more powerful structures. 

Mr. W. T. CouRTiBR-DuTTON (Member, I.N. A.) considers that as the purer qualities of pig iron become 
more difficult to secure, British manufacturers will find it more economical to adopt the basic open-heai-th 
process. As regards the alleged hostility of Lloyd's to the use of basic steel, the writer mentions that 
steel BO manufactured in America has for some time past been in use in Lloyd's vessels, and the British 
Corporation Hegistry have no objection to the use of basic steel provided it fulfils their prescribed test 
requirements. With regard to the standardisation of sections, the writer points out that in England this 
'question is being actively dealt with by a committee representing the different industries affected. 
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MATERIALS AND MACHINE TOOLS FOR SHIPBUILDING AT THE DUSSELDORF 
EXHIBmON. 

Abstract of Paper read by Here Gotthard Sachsenberg. 
{Monday, June ■>. 1902.) 



German shipbuilding was, until aljout tea years ago, obliged to moke use of English materials, for the 
simple reason that tlie English iton and steel works, with their long experience in the production of 
shijibuilding material, and their favourahle conditions of production, were able to supply the German 
yards with more suitable and cheaper material than could be obtained at home, and in shorter time. 

A reaction in favour of German shiijhuilding material fii-st set in when the German Admiralty set 
the example of having their vessels built in Germany, of German material. The requirements 
in regard to shi])building material, which till then had !)een kept within verj- modest l»unda, 
now increased from year to year, so that the iron and steel industry, no less than that of machiner)-, 
and especially of machine tools, l>egan to play an active part in German shipbuilding. 

The object of this paper is to give those taking part in the Meeting a short description of some of 
the principal exhibits in the Exhibition in our branch of industry. It seems desirable to classify 
the exhibits, not according to the articles themselves, but according to the exhibitors. No account is 
given of naval artillerj', or matters closely connected with it, as it would be impossible to do justice to 
the importance of the exhibits of this class in the paper. Neither is the interesting exhibit of Messrs. 
Felten & Guilleaume referred to, because it forms the subject of a separate paper. 

The principal exhibits of the firm of Mr. Fried. Krupp, of Essen, are first descriljed. These include 
a nickel steel armour plate of 104J tons in weight, the lai^est plate that has yet been roiled. It is 43 ft. 
Ij in. long, 11 ft. 2 in. broad, and llf in. thick. 

The block from which this plate was rolled was 14 ft. 3J in. long, 12 ft. 5 ui. broad, and 3 ft. 4 in. 
thick, and 128 tons in weight. The plate was transported to the Exhibition upon a special 16-axled 
truck of 138 tons carrj^ing capacity. Not less interesting is a boiler jilate of the hitherto unequalled 
dimensions of 87 ft. 11 in. in length, 11 ft. llj in. in breadth, and 1^ in. in thickness, weighing 29 tons. 
There are also a nickel steel six-throw crank sliaft, 72 ft. 2 ui. in length, weighing 112 tons, made for 
the North German Lloyd steamer Kaiser Wilhelm II., with thrust shaft, intermediate shafting, and 
tail shaft with propeller all coupled together ; and a straight piece of hollow shafting, 147 ft. 7^- in. 
long, 1 ft. 9} in. in outer diameter, and 4f in. inner diameter, weighing alxtut 49 tons. This ^^ery long 
abaft was made as an example of what these famous steel works can produce. It was forged from a 
crucible steel block weighing about 79 tons. An historical account of the Krupp works and of its most 
interesting productions in the past is given. 

The next exhibits are those of the Hoerder Berg\verk- und Hiittenverein in Hoerde, Westpliaiia. 
These include ship plates of great length and breadth, among which is an end plate for a tjoiler 
11 ft. 9J in. in diameter, in one piece, and some large fiuialied forgings of Siemens-Martin steel. Tlie 
Bochumer Verein fiir Bergbau und Gussstahlfabrikation (the Bochura Mining and Cast Steel Manu- 
facturing Company), one of the oldest cast-steel works, and the next in importjmc? and power of output 
to those of Krupp, exhibits some large fmished steel forgings of parts of marine engines, among which 
are a complete line of shafting for the Italian Ijattleship Regina Margkerita, some forged steel pistons, 
anchors, &c. The Rheinische Metallwaren- und ^faschinenfabrik {the Rhine Metal and Engine Works) 
exhibits seamless steel tubes of all kinds and sizes for water-tube boilers, and seamless steam pipes up to 
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llf in. in diameter; and the Press- uiid Walzwerks-Aktiengeaellschaft Diisaeldorf-Beiaholz, which 
is allied t« this comjiany, exhibit seamless tul)es of lai^e diameter and seamless boiler-plate rings, 
produced l)j" the new Erhardt system of rolling. The Actieii-Verein Gutehoffnungahiitte, Oberhauaen, 
emijloymg 1^,000 hands, and owning iron mines in Nassau, Siegen, Bavaria, Lorraine, Luxemburg, 
&c., over an area of 730 square miles, exhibit sevei-a! finished lines of shafting, stem frame with rudder 
frame, stem and pro])eller of basic Siemens steel, and many other items. The Blechwalzwerk Schulz 
Knaudt (Schuiz Knaudt Plate-Roiling Works) exhibit a quantity of material for land and marine 
boil?rs, among which are to be noted corrugated iron pillars made of short corrugated tuljes welded 
together. The circumferential and the longitudinal seams are Ijoth heated by water-gas Hames and 
brought together by mftchiner\' for welding, without any hammering, and the tube is aftenvards corru- 
gated by rolling. The largest of the tnljes exhibited is 3(i ft. llj in. long, with an outer diameter of 
:Ht. Hi in. and a thickness of Vn "i- The Duisburger Eisen- und Stahlwerke (Dutabui^ Iron and 
Steel Works) exhibit some large front plates for marine boilers and corrugated furnaces, and one 
front plate with corrugated furnace welded on to it. Tlie Xrieger Steel Works, of Diisseldorf, exhibit a 
stem, stemjjost and rudder, engine aeatings and pistons, &c. The (lerrnan -Austrian Mannesmann Tul)e 
Works, of Diisseldorf, exhibit specimens of boiler tuljes, steam pijDes, and pillars made by their process. 
The Witten Cast Steel Works exhibit specimens of various r,_>ctions of rails and bars, ship and boiler 
plates, of nickel and Siemens-SIartin steel, and steel castings and forgiiigg for marine engines. There 
are also exhibits in the same class by the Earkort Ironworki :md Bridge Building Company, of Duisburg. 
the Hochfeld Rolling Mills, of Duisburg, and several othei- i;nportant establishments. Leurs & Hempel- 
niann's Screw and Rivet Works, of Ratmgen, exhibit specimens of their iron and steel rivets, and Franz 
it^guin & Co., of Dillmgen, exhibit their perforated plates, waftle plates, and jointed cliaina. The 
Remscheid file and tool makers give a combined exhibition of their products. The firm of A. Mannes- 
mann, of Remscheid, ii^clude in this some s|>ecimens of parts of engines made of their compound steel, 
which has a core of soft steel and outer working surfaces that are hardened by a special process. Messrs. 
Wenner Bros., of Schwelm, exhibit specimens of rivets and tools of various kinds. The Duren Metal 
Works exhibit specimens of their work in Durana metal and manganese phosphor bronze. The 
B.nirath Engine Works, of Benrath, near Diisseldorf, exhibit a wording model of a crane recently made 
for the Howaldt Works, Kiel, with a total outreach of 138 ft., and a lifting jiower of 148 tons at an 
outreach of 6r> ft. 7 in., and designs and models of other electrically driven travelling cranes of large 
outreach and lifting powei', winches, &c, 

Tlie exhibits in the (Jreat Machinerj' Hall of the Exhibition are next described, which comprise 
shipbuilding materials and machine tools. The machine tool worths of Enist Schiess, of Diisseldorf- 
Oberbilk, contribute a horizontal ground lathe, with adjustable standards for working up to 31 ft. 
'2 iu. in diameter, and 8 ft. 2^ in. in height ; a planing machine, with a working length of 32 ft. 9J iu., 
and breadth of 13 ft. 1^ in.; and a threefold horizontal and vertical Itoring and slotting machine, 
for woriiing up to 47 ft. 7 in. in length, 13 ft. li in. in breadth, and 8 ft. 2J in. in height. The 
Duisburg Engine Company exhibit many different examples of their products, including models and 
drawings of electrically driven cranes. Among the latter is a derrick crane, of l."»0 tons lifting power, 
made tor the firm of Blohm & Voss, of Hamburg ; one of 14TJ tons for Mr. Krupp's (Jermania Shipyard, 
a floatiiig crane of 29J tons lifting jwwer. with an adjustable outreach of 19 ft. 8J in. to T>7 ft. i> in., 
for the Hamburg-America Line of Hamburg, and arrangements of cranes for building slijs. In con- 
clusion, attention b called to the great power of production of the Rhenish Weatphalian iron, steel, and 
engineering industries, which ha\e succeeded in a comparatively short time, by their readiiie.*i to 
make sacrifices and by unremitting exertions, in gaining a position of imiwrtance commanding resjxvt. 
not only in Oermany, Init throughout the world. 
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THE RIVER HEINE AND THE DEVELOPMENT OP ITS SHIPPING. 

ABErrBAoT OP Pafeb read bt W. Fbeihebb ton Bol7. 

(Tuesday, June 3, 1902.) 



The paper opens with a geographical and historical account of the Rhine from the earliest times. The 
author divides the river into four sections: — 

(1) The Swiss Rhine above Bate, which is only navigable for light traffic. 

(2) The Upper Rhine, from Bale, where navigation may properly be said to commence, to Bingen. 

(3) The Middle Rhine, from Bingen to Cologne, the most mountainous part of the river's course, 
including, as it does, the "Bingerloch," cut through the solid rock. 

(4) The Lower Rhine, from Cologne to the North Sea, through flat open countrj'. 

The tremendous power of the stream may be gauged from the fact that the theoretical energj- of 
the great volume of water discharged by the river, in its fall of about 220 ft. between Bingen and the 
Dutch frontier, is calculated at more than 2,000,000 H.P. The regulation of the stream by training 
the banks and dredging the channel was absolutely essential to the development of traffic, and the latter 
has expanded in direct proportion to the care bestowed on the training of the river. 

Frederick the Gi'eat, at the close of the Seven Years' War, laid the foundation of this development 
bj' establishing a Waterworks Administration, under whose care the river was placed. Much was 
done in the next ten years, but in 1794, the cession of the left bank of the river to France interrupted 
this work, and it was not until some twenty years later, and then under the newly formed govern- 
ments of Cologne, Coblenz, and Dusseldorf, that it was resumed. 

In 1851, the Rhine Conservancy Board was created by Royal decree, and then began a systematic 
improvement of the channel, the aim being to ensure a gradually increasing depth of 6 ft. 6 in. to 
10 ft. between Bingen and the Dutch frontier, for a width rangmg from 300 ft. to 500 ft. between 
the same points. The old arms of the river were closed up, the banks were protected, a towing path 
formed, sandbanks removed, and other improvements effected. 

Steam dredgers were introduced about 1857, and, where the bed was rocky, steam boring machines 
and diving shafts were employed. Private dredging has also contributed to the improvement of the 
channel, for good gra\-el could be obtained, and this was readily removed for use elsewhere. The reef 
of rock at Bingen had alwaj-s been the chief hindrance to traffic. The first widening at this place was 
begun in 1830 and further improved ten years later, but it was not until 1860 that a second channel 
was cut, thus enabling upstream and downstream traffic to keep clear of each other. The outlay on the 
river training works has been considerable, upwards of a million sterling having Ijeen spent between 
1880 and 1899. 

Notwithstanding the serious olistacles that had to Ije overcome, the Rhine bore considerable traffic 
on its waters, even before the close of the eighteenth centur}. Goods were carried in iiooden sailing 
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\Ts3eI3 of variotis types, capable of taking some 30 to 40 tons. As tiiue went on, the sizes inci«a3ed, 
and early in last century we find the lai^r vessels of the Middle Rhine capable of taking 150 to 200 
tons, while, on the Lower Rhine, where the vessels were of the heavy Dutch tyi)e, their cajsacity would 
range up to 500 tons. Sails were used whenever practicable, but on the Middle and Upper Rhine 
towing by horses was in vogue when wuids were contrary or the stream too strong. 

In those early days the transport of say from 6,000 to 7,000 cwt. fi-oni Rottei-dam to Cologne would 
be arranged as follows : — If the wind were favourable, the vessel would sail from Rotterdam to Emmerich 
in from thi-ee to four daj's. From there, from ten to fourteen horses would be harnessed to the vessel, 
which would reach Cologne in from ten to eleven daj's. Tlie downstream voyage from Cologne to Rotter- 
dam was made in seven or eight days ; sometimes even m six daj's. For the transport of about 
2,000 cwt., the distance from Cologne to Mainz would be covered, with a full river, in fifty-two houra, 
or, with a low river, in from seventy-eight to eighty hoiu^. 

In the matter of dues, the shipping of the Rhine has never Ijeen spared. At the beginning of the 
Middle Ages, these were looked upon as payment tor the removal of obstacles to the traffic. It was after 
the Rhuie dues had ceased to be entirely in the hands of the German kuigs, and after the lords of the 
various territories, near the banks of the river, Ijegan to levy their own tolls, that what was at firat 
a help to the traffic became more and more a hindrance to it. 

There is an old saying that illustrates the situation : — 

They claim their dues, king, bishop, priest, 
And lords of maoy ranks, 

Until the long Rhine counts more tolls 
*' Than miles along its bftnke. 

The burdens thus imposed ujjon shipping increased as time went on, and threatened its very exbtence. 
It was not until 1803, however, after France, by the Treaty of Luneville, had acquired an interest 
in the river, that the existing dues were abolished and an equitable s\"stem established — a first step 
towards freeing the river navigation altogether. The passenger traffic on the Rhine, as early as the 
beginning of the eighteenth c«iitury, was already well established, it l)eing in the hands of no fewer 
than fifty-one abipmastera, who controlled the traffic on the different portions of the river ; and so great 
was the com])etition that frequent disputes arose. 

With the utilisation of steam power for the propulsion of vessels, Ijegan an entirely new epoch for 
the Rhine. The first steamboats that plied upon the river were those of two Englishmen, Wager 
and Watt, the former trading with the Print con Oranien, and the lattei' with the Caledonia. It 
is known that the Caledonia was fitted with a pair of engines of ."»() H.P. each, aud that she was 
propelled by aide paddle wheels. James Watt sailed in his vessel jictoss the Channel in the year 1817 
into the Scheldt and Maaas, and up the Rhine to Coblenz. But the results wei-e not satisfactory, 
and it was not until 1825 that a regular steamship service was estaiilished Ijetween Cologne and 
Rotterdam, from which port a connection was made with London by the steiuner Bataiier, fitted with 
low-pressure engines of 200 H.IV Various coni])anies were foi-med to exploit the new means of propul- 
sion, and it was not long Ijefore the old shipmasters, interested in sailing \-es.sel3 only, were hard put 
fo it to meet the competition from the steamei-s. which they declared to l)e quite unsuitable for 
river traffic. 

In 1S29, the Netlierlands Steamship Company exi^erimented with the S.S.Wpri.'"/*?.'*, a steamer capable 
of carrjing 100 tons of cargo and at the same time towing some half-dozen Ixirges. Though the 
venture did not prove remunerative, it was the precui-sor of other and more successful enterprises. 
Tlie Pi-uBsian-Rhine Company, which started alwut this time, jjroved the practical ]M>s3ibility of making 
steam pay on the river, and, at the end of the first ten yeai-s of its existence, it liad transjx)rte(l a million 
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passengera and 100,000 tons of goods. Other eonipanies followed suit, and the efficiency of the steamers 
improved as the numbers increased. In 1838, a direct service between Rotterdam and Mainz was 
established, the return journey between Diiaseldorf and Mainz being accomplished in 33J hours. 

About 1840, iron began to displace wood for the construction of the hulls of steamships, the first 
Rhine vessel entirely constructed of iron being the Victoria, built and engined in England. Forty yeara 
later, this vessel was reconstructed and fitted with high-pressure engines with oscillating cylinders 
(high and low pressure) and new i)addle wheels with feathering floats. 

With the improvement in the steamers and the increase in the number of companies interested, 
competition became keener, and the fares and the duration of the voyages were materially reduced. 
The two chief companies, with headquarters in Cologne and Diisseldorf respectively, finally amalgamated 
in 1853, and, with their combined resources, greatly improved the facilities both for paaaengera and 
goods on the Hhine. A new factor now entered into play, namely, the railway competition along the 
banks of the Rhine. This stimulated the steamship companies to fresh efforts, and in 1866, two saloon 
steamers, the Humbolt and the Friede, were constructed on the American plan for passengers only, 
and put into regular seri-ice. These were added to in succeeding yeare, and the company now possesses 
over tliirty such vessels. 

The development of the towing traffic proceeded side by side with that of the passenger traftic. The 
Mannheim Steam Tug Company, organised in 1863, started with a fleet of four paddle tugs and sis 
bargis, carrying annually 2,300 tons. They no^^^ possess twelve screw tugs and o^^er sixty-one barges, 
and their annual traffic is nearly 60,000 tons. Other companies show a similar development, and 
the author traces the progress of the chief concerns engaged in the transport of goods on the Rhine. 

In 1876, the Fixed-Hope To«ing Comjwny was established, the towing Ijeing done by means of 
a permanent cable laid along the bed of the river, where\-er the current was considerable. For the 
downstream journey these vessels use their twin screws, dispensing with the fi.\ed ro]ie. This company 
handled over a million tons of goods m 1901, 

Tables are given showing the aggregate tonnage bandied on the Rhine Ijetween 1835 and 1900, and 
also showing the number of bridges and other hmdrances to the freedom of traffic which exist in the river. 

Tlie paper is throughout illustrated with numerous photograplis and drawings, descriptive of the 



various types of vessel engaged in the Rhine navigation from the earliest times to the present day. 



DISCUSSION. 

Time did not allow of any discussion at the conclusion of this paper, but a contribution has been 
received from Mr. G. C. Mackrow (Memljer I.N..A..), of which the following is an extract: — 

The paper is of particular interest to one who, like the writer, has been long connected with the 
Thames Ironworks Company, as several of the earliest Rhine steamers (such as the Victoria and the 
Mannheim No. J.) were constructed by this firm. At the launching of the latter vessel, when the writer 
was present, the side plates between the frames buckled as the vessel took the water, but when wholly 
afloat, they again assumed their normal form ; a remarkable fact, as the vessels in those days were built 
of iron and not of mild steel, but the materials were very carefully selected. From the year 1839 to 
1844, the writer's firm built altogether seven vessels for the Rhine navigation. 
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MARINE WIRE ROPES. 

Abstract of Paper read bt Herr F. Schleiphnbauu. 

(Tuesday, June 3, 1002). 



Fob centuries hemp ropes and iron chaius have Ijeeu chietiy employed in shipping aiid other iiidusti-iea 
as a means of traction, and it is only comparatively i-ecently, since the iuti-oduetion of wire ropes, that 
the special properties of iron and stee! wire have Ijeeu utilised in this direction. 

Wire ropes are sujierior in many respects. If the wires are galvanised as a ])rotection against ruat, 
the rope is hetter ahle to withstand the perniciom effects of atmospheric influences. A hemp i-ojje 
retains the damp internally, no matter what care is taken to prevent it, and it will rot from the inside 
without giving any warning from its outward appearance. Another advantage of the wire rope is its 
greater tensile strength as compared with that of a liemj) rope of equal diameter ; so that, for an equal 
stniin, the wire rope may Ite selected of smaller diameter, thus presenting less resistance to the wind 
in the rigging, besides economising space if kept on deck oi' stowed away. As compared with chains, 
wire rope is also superior in that it occupies less space, and is much stronger weight for weight. 
It is also less liable than a chain to danger from sudden breakage, for the weakness of any link whose 
failure renders the chain useless is very seldom detected Ijeforehand, while a wire cable shows by the 
rupture of a single strand (whose broken ends jjrotrude) that danger is at hand. 

The author proceeds to trace the early histor;- of the introduction of ii-on wire into the manufacture 
of cables. He ascribes to Alljert of (Jlausthal the honour of having, in 18.1], I>een the firat to sulistitute 
wire ^•0]ws for chains at the mines in the Harz Mountains. In these early ropes, the wires and 
strands were both laid in the same dii-ection. In the Iteginning of the forties Theodore Guilleaume 
introduced wire ropea with a cross-lay (the wires and strands laid in oj)iK)3ite dii-ections), and. to render 
the roi)es more flexible, he provided them with a hemp centre. Since tliat time, many new fonns of con- 
gtiTJction have come to the front, some of them of considerable imiM>rtance for particular purjioses, Imt in 
its general application the cross-lay with hemp centre has ])roved the gi-eatest improvement in wire rojjes, 
aa it renders possible the manifold uses to which wire ropes nre applied at the pi-esent day. For marine 
purijoses, the cross-lay has liecome the prevailing constmetion. 

It was not until some twenty years later that wire i-oijes tegan to Ije e.\tensively used for marine 
puri>oses, as so much distrust of their reliability had fii-st to Ije overcome. In 1883, steel wire n)])e3 w-ere 
adopted exclusively for standing rigging in the German Navy, and from tliis time the e.\tension of the 
use of wire rojies Ijecame ven.- marked : for hauling, towing, and mooring, as well as for numljerless 
puriMJses aboard ships, these i-opes came to lie generally em|)loyed. 

Tlie author discustses the various conditions imder which wire i-»|)es are used, the strains to 
which they are subjected, the ch ief ca\ises of wear and tear, and the Ix*st means of meeting these conditionx 
and of prolonging the life of cables. (Jaltanising the wii-es and frequent rubbing with linseed oil are 
i-ecommended as a protection against rust, and attention is called to the dangei-s arising from kinks in 
handling, or from galvanic action by contact with bronze in the jireseuce of sea water. Details of con- 
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struction are described — the gauge of the wires employed and the kind of lay adopted, tbeae being 
go\-erned by the use to which the rojje is to be put and tlie amount of flexibility required. The use (A 
aluminium bronze wire is recommended where the risk of rusting is great, but its high cost and 
low tensile strength are objections to its general use. 

Wire rope is also largely employed for towing purjioses on navigable rivers. On portions of the 
Rhine where the current is strong, a heaAy cable is laid along the lied of the river by means of which 
the tugs haul themselves and theu- strings of barges along. Through the narrow " Iron Gates ~ of the 
Danube a similar 8v"3tem is in vogue, the rope itself being a " locked coil," composed of wires so shaped 
that they interlock on their outer faces, so as to form an almost complete metallic cross section. For 
the traction ropes of ferries the well-known hawser-lay is usuallj' employed, but "flattened strand" 
ropes have lately Ijeen adopted, and they are also used by shipbuilders for winding and crane ropes. As 
their name implies, the separate strands are of flat oval section, instead of being cj-lindricol like those 
of the old constructions. Other special forms of ropes are described, such as floating hawsers, partly 
composed of cork, and ro])es for winding round steam pipes to strengthen them, and for protecting lead 
water pipes from external injury. The testing of wire ropes is provided for by the specifications of 
the Genuan Lloyd, and these require that, when the wire is tested, its breaking strain multiplied by 
the total number of wires composing the roj* must exceed the sjjecified breaking strain of the rojie by 
at least ten per cent. 

DISCUSSIO>f. 

Chief Constructor HCllmann. of Kiel, remarked that one great advantage of steel wu-e rope 
oAer chain cables lay in its belia^iour when breaking. A chain, in snapping, flies in all directions, 
tearing through everything its meets : while the wire cable breaks so quietly that one can stand in 
the neighbourhood of a highly strained wire rope without danger. 

Herr Middexdorf, of Berlin, a director of the Norddentacher Lloyd, was of opinion tliat the time 
had not yet come to substitute wiie i-ojie for anchor chains. 

Dr. F. Elgah (Vice-President I.N.A.) asked at the close of the discussion to be allowed to say a 
few words on behalf of the British guests, in acknowledgment of the kind welcome that had l)een 
extended to them. As a proof of the trouble that had been taken on their behalf, he mentioned the 
translation into English of all the i)aiJers read at the meeting, and he felt sure that this thoughtful 
act of courtesy had been much appreciated. ,As regards the Exhibition, and the visits to the works 
that had been thrown open to insjiection, the speaker said that the wonderful jiroof of the skill of 
German engineers and manufactui'ei's was no surprise to those who hud followed the remarkable 
development of the iron and steel indmtries in that countn.' during recent yeara. The foreign guests 
would offer to tlieir German colleagues their hearty congratulations on the success of the Exhibition, 
and their warmest thanks for the splendid recei»tion that had Ijeen extended to them. 
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CONCLUSION. 



The following is the text of the letter, conveying the vote of thanks of the Council of the 
Institution to the President and Memhers of the Council of the Schiffbautwhnische Geiwllachaft : — 



Institution of Naval ARCHiTELrrs, 

5, Adeli'hi Tebrace, Lonix)N", W.C, 

July 16, 1902. 

Geheinier Regiemngsrath Professor Buslet, 

Preaident of the Schiffbautechnische Gesellschaft. 

My Dear Sir, 

At a recent meeting of the Council of this Institution It was unaninioualy resolved to [lasa a very 
hearty vote of thanks to youraelt, and to the Members of the Council of the Schiffbautechnische 
Gesellscliaft, for the cordial and friendly welcome which they extended to those Meniljers of this 
Institution who had availed themselves of your invitation to visit Diisseldorf, and take part in your 
recent Summer Meeting. 

Nothing could exceed the kindness and hospitality shown to our Members on this occasion, and 
all of those who took part in this trip experienced the liveliest satisfaction, both at the heartiness of 
their welcome and at the variety and interest of the visita and excursions that had been arranged for 
their benefit,- and which were so admirably carried out. 

The Council wish specially to record also, on behalf of the ladies of their |)arty, their appreciation 
of the active part which the Ladies' Reception Committee took in organising and carrying out the 
various entei-tainments for the benefit of the lady guests, and which added so much to the general 
) of the visit. 



let me conclude, my dear Sir, by recording the pleasure it gives me to conxey this resolution to 
you in the name of our Institution, and, with sincere expressions of esteem and regard. 



Your a ^'er^■ truly. 



(Signed) GLASGOW, 

Preaident, I.N.A. 
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SIR JAMES LAING, J.P., D.L. 

The death of Sir James Liung, which occurred on December 15, 1901, at his residence, 
Etal Manor, Northumberland, at the age of seventy-eight, has removed one of the 
best-known figures in the shipbuilding world of the North of England, and, indeed, of 
the country. 

Bom in Sunderland in 1823, James Laing began his shipbuilding career in his 
father's yard, which had been established in the neighbourhood for some years 
previously. At the age of twenty he was made manager of the works, and from 
that time forward the success which attended the firm was largely attributable to 
his energy and business ability. In those early days, ship construction was solely 
confined to wooden vessels ; but a few years after Mr. James Laing had taken over the 
management of the works, his attention was called to the remarkable evidence of the 
strength of Brunei's iron vessel — ^the Great Britain — which had been wrecked off the 
coast of Ireland, and had withstood a winter's gales in a very exposed position. Iron 
had evidently come to supersede wood, and Mr. Laing resolved that his firm should not 
be behind the times. Their first iron vessel was accordingly launched in 1853, and the 
output of the firm steadily increased, until, in 1900, over 40,000 tons of new tonnage 
was launched, a total far exceeding that of any other firm on the Wear. 

Sir James Laing's energies, however, were not confined to shipbuilding alone. 
He took a very prominent part in all local affairs, serving for no less than thirty-two 
years as chairman of the River Wear Commission. He was an ardent politician, 
though as a candidate for Parliamentary honours he was not successful. 

In 1883 Mr. Laing was elected President of the Clianiber of Shipping of the 
United Kingdom, and, as such, he ably championed the cause of the shipowners in 
securing a revision of the regulations and charges of the Suez Canal, of which 
company he eventually became director. 

The honour of knighthood was conferred on Sir James Laing in 1897. 

His connection with the Institution dates from 1884, and when, three years later, 
the Summer Meeting of the Institution was held at Newcastle and Sunderland, Mr. 
Laing took a prominent part in welcoming the members to his native town. 

In 1885 he was elected to a seat on the Council of the Institution, which he 
occupied until his death. 
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BENJAMIN MAETELL. 



The death of Benjamin Martell removes from the roll of the Institution one of its 
most prominent and most popular members. 

Mr. Martell was bom in 1825, and died at his residence at Blackheath on July 15, 
1902. He served his apprenticeship in the Eoyal Dockyard, Portsmouth, at the time 
when Mr. John Fincham was master-shipwright. He assisted his chief — who was himself 
an original member of the Institution, and one of the first Members of Council — in the 
preparation of his work on Naval Architecture. Leaving the public service, he joined 
Mr. C. Lamport, another original member of the Institution, and became manager of 
the latter's shipyard and repairing works at Workington. In 1856 he entered the 
service of Lloyd's Register of Shipping, becoming an aesistant surveyor at Sunderland. 
Subsequently he was appointed as surveyor to the ports of Greenock, Southampton, 
Leith, Sunderland, and North Shields. In 1872 he succeeded Mr. Bernard Weymouth 
as Chief Surveyor, which position he held until his retirement three years ago. 

Mr. Martell joined the Institution in 1873, was elected to the Council the 
following year, and became Vice-President in 1887. His contributions to the 
Transactions of the Institution have been exceedingly numerous, and only the more 
important ones can be here noted. The first paper was contributed in 1874, and was 
" On Freeboard," a subject with which his name has been prominently connected. 
Three years later he read a second paper, " On Water Ballast " ; and in the following 
year, 1878, in a contribution, " On Steel for Shipbuilding," he brought before the 
Institution one of the great questions of the day. In 1886 he presented another paper 
on the same subject, " A Review of the Progress of Mild Steel, and the Results of 
Eight Years' Experience of its Use for Shipbuilding Purposes"; and again in 1888 
he reviewed another aspect of the question by his paper " On the Present Position 
Occupied by Basic Steel as a Material for Shipbuilding." His paper of 1874, on 
Freeboard, was followed by another in 1880,' " On Causes of Unseaworthiness in 
Merchant Steamers," which has done much to increase the safety of human life at 
sea ; and two years later he read his notable paper " On the Basis for Fixing Suitable 
Load Lines for Mercantile Steamers and Sailing Vessels." Ten years later, in 1892, 
his paper " On the Alterations in the Types and Proportions of Mercantile Vessels, 
together with Recent Improvements in their Construction and Depth of Loading as 
ASeoting their Safety at Sea," again dealt with a question upon which he spent so 
much time and labour. It would be difficult to over-estimate the far-reaching 
importance of these labours in their influence upon mercantile shipbuilding of to-day. 

Mr. Martell was so constant an attendant at the meetings of the Institution, and 
80 frequent a speaker during discussions, that his life's work may almost be gathered 
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from our Transactions. His great work has been that couuected with the question of 
freeboard. The year in which he joined the Institution, Parliament appointed the 
" Commission on Unseaworthy Ships," and his first paper, to which reference has 
been made, was the result of this step. In 1875 the Board of Trade invited the 
Committee of Lloyd's, and of the Liverpool Underwriters' Registry, to assist in stating 
principles upon which rules as to freeboard might be based. This was found to be a 
difficult task, but Mr. Martell's paper of 1882 ultimately had the effect of leading to 
the adoption of certain rules which were accepted by the Load Line Committee of 
1885, of which Sir Edward Reed was President. It was recommended in the report 
that the Connnittee of Lloyd's Register should administer the load-line regulations, 
and this recommendation was carried into effect by Act of Parliament in 1890. 

On Mr. Martell's retirement from the Chief Snrveyorship of Lloyd's Register, a 
committee was formed to present him with a testimonial, and the greater portion of the 
sum which had been contributed Mr. Martell generously placed at the disposal of the 
Institution, for the purpose of endowing a scholarship in Naval Architecture. The 
offer was gratefully accepted, and regulations were drawn up for the administration of 
the Scholarship. 

It is a sad coincidence that the first year of the award of this Scholarship should 
be that of the death of its founder ; but, although he did not live to see the actual result 
of his liberality, bis name will thus be associated with the Institution which owes so 
much to his unremitting labours, and his unselfish interest. 

His menmry will ever be held in affectionate regard by his colleagues on the 
Council, and by the members of the Institution. 
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waiOH FOLLOWED THE BsADING OF THE PaPEBB. 



Nbdm of Writer or Speaker 



Agim, E. T 

Bamaby, Sir Nathaniel, E.C.B. 



Bamabj, Sydney W. 



Bearblock, C. W. J., B.X. 



BUM, ProfesBor J. H.. LL.D. 



TiUe of Paper. 01 Subject imder DUouBsion. 

Drawbacka to use of steam jet with oil f ael ... 

New bnmer for use with oil fuel 

BtoTBge tank for oil at Malta 

Seconding the proposal for alteration in Bules 5. 9, and 10 

Vote of thanks to H.E. the Italian Minister of Marine 

Proposing vote of thanks to the Society of Arts... 

Ti'T2>edi> Boat Dffli-oyern ... 

Beply to the discussion on the above paper 

Yariations of stress in destroyers ... 

Location of maximam stresses ... 

Factor of safety in destroyers 

Stresses in thin plating 

Shaft running in oil gives good results 

Seconding vote of thinks to the President 

Discussion on Itlr. Macfarlana Gray's paper on "Simps 

Rules" 
Seconding vote of thanks to the Society of Arts... 
Use of gas mixer below the economiser 
Size and thickness of boiler tubes 
Experimental test for thin plates under pressure ' 
Strengthening shell by turning up flanges of plates 
Frame spacing 

Consideration of characteristic rolling at sea 
Boiling of a ship with a negative metacentric height ... 
Simplicity of idea in naval appliances ... 
Position of naval engineers 
Use of rai^;e finders ... 
American practice r^arding new inventions... 
Method of woriting plates in ahipyarcis ... 
Output of American shipyards 
Comparison of cable system with crane service ... 
Use of wooden trestle work 
Speed of cableways in American shipyards 
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Name of WritOT or Speaker. 



Title of I'api:r. or Subject under DiBCBMion. 



Boobnoff, Ivan G. 



Bo wden -Smith, Admiral Sir 
Nathaniel, K.C.B. 



Bryan, Professor ti. H., M.A. 

F.R.S. 



Clowes, W. Laird ... 



Cohen, Professor E. 



Dalby, Professor W. K.. M.A., 

B.Sc. 
Denny, A.... 



Devrance, John 
Donaldson, T. 
Doxford, C. D. 
Dnnkerley, Professor Stanley 



Ou till- Stret^K ill a Sliijii linttum Platiug due lo WaUr Prenmre... \ 
Reply to the discussion on the above paper ... ... ' 

Plating often thinner in practice than shown necessary by cal- 
culation 
Safe stresses in thin plating 
On Professor Bryan':) proposal for determining the sb^sses of I 

thin plates under pressure 
Character of results obtained in the above paper 
Fragility of destroyers 

Danger of straining destroyers in heavy weather... 
Loss of Colmi 

Long voyages made by torpedo boats ... 
Frame spacing as affecting the strength of plating 
Hogging and sagging strains as affecting the strength of plating , 
Saving weight in oonstruction 

Mathematical theory of the slresses in plating ... 
Practical method of deterinining deflection of plating under ■ 

prexsure by means of mirrors 
Discussion on Mr. Macfarlane Gray's paper on "Simpson's Rules" 
System and diviiiion of labour in shipyards ... 
Advantages of roofed sheds 
Dangers attending the use of timber for scaffolding ... ... . 

Hixriii Sfieiili/ic Derelnpnimll' uad the future of Naeal Warfiii-e 
' Reply to the discussion on the above paper ... 
I Simplicity and efficiency in naval appliances 
I Repelling submarine attacks 
I Electrical shot hoists ... 
I Value of fast auxiliary cruisers 
j Old feshioned blockade 
Oil the Con-oKiott of Comlrniifr Tubei ami -SVi Wnler Cn,iduclm-ii ... i 
Reply to the discussion on the above paper 
Con>posrtion of metal in condenser tubes ... ... ... '. 

,1 ComiHiriHOii of Fire Typeii of EngiuPf irifk rerpfri lo their \ 
itifrliii Forceg mid C'ouplfH, <(■<■. ... ... ... ' 

Results of full-sixed trial of use of bilge keels 

Growth of shipbuilding yards in the United States ... > 

Causes of improvements in methods of handling materials 

.Action of grcoiie in causing distortion of boilers ... 

Investigation of strains in forward part of crank shaft 

Speed of cobleways in shipyards 

TbfSlrniiiiiiii Af-lioiia o,i the different Partx of u Crank Hhafi, ^ 

illustriilrd by mi iiclual cat of a Four-Cmnbed Murine Shaft 
Reply to the discussion on the above paper 
Analytical c'lHuii graphical solutions 
Maximum moment in crank shaft is greatest forward 
Thanking Herr Giimbel for his paper ou ■' Torsional Vibrations | 
of Shafts" ... 
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Utaae of Writer or Speaker. 



Dvorkoviti, Dr. P. ., 



Elgar, Professor Francis, LL.D., 
F.R.S. 



Ellis, C.E.... 
Emdin, A. B. 



Tille of Paper, or Subject under Diecusiion. 



Sourc«3 of oil supply .. . 

PreBBncB of water mixed with oil is Tery objectionable 

Limitations of tlie use of oil fuel 

Wear down of shafta 

Attitude of Admiralty authorities towarda inventors 

Peculiarities of distortion in boilers 

Baising furnace crown after distortion ... 

Locating origin of corrosion in condenser tubes 

Position of pitting in tubes 

Corrosion stopped by introduction of weirs into condensers 

Seconding vote of thanks to the Council 

Structural strength of destroyers 

Ability of destroye™ to stand heavy weather ... 

Weakness in destroyers generally first appears in deck plating 

Real weakness in destroyers usually in bottom plating 
I Butt joints and details in plating 
I Thickness of plating in battleships ... 

I Experiments upon thin plates under pressure not carried out 
I Value of Texas oil for fuel 
. Example of collapse in marine boiler ... 

, Events that led up to the writing of Professor Dunkerley's paper 
! Independent investigation of attaining action on a crank shaft.. 
\ Table of ratio of maximum to mean stress on crank shafts 
I Btreng:th of crank shafts ... 
; Mtthoih of haiidlitig Jfaleriai over Sliipbuililiw/ Bfrlht iti Antfrica 

ShipifarflK 
j Reply to the discussion on the above {taper ... 
! Labour-saving appliances necessary where wages are high ... 
[ Speed of cranes in American shipyards 



Fairbnm, W. A. 



D practice in working plat«s 
FitiGerald, Vice- Admiral G.C.P.; Attitude of naval authorities towarda inventions 
' Strategical value of speed 
I Use of range finders 

Specialist executive officers 
i Oa Liiiuid Fuel far Shipt ... 
< Reply to the discussion on the above paper 
I Combustion value of Texas oil 
. St^irageof liquid fuel... 

Consumption of oil venu* coal 
' Spraying oil by air pressure fererm steam pressui 

Supplies of oil fuel 
' Use of oil fuel in H.M. Navy ... 
I Evaporative efficiency of coal and oil 
. Destroyers have to fulfil certain conditions 
, Seaworthiness of destroyers and torpedo boats 
' Use of oil fuel in H.M, Navy ... 
I Oil supply in England 



Flannery, Sir Forteacue, M.P. j 



Fremantle, Admiral the Hon. ; 
8irE.,G.C.B., C.M.G. 
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Fremantle, Admiral the Hon. 
Sir E., G.C.B., C.M.G. 



Froude, B. E., F.B.S. 
Groy, J. Macfarlflue 



Hamilton, James ... 
Hearaon, Profeaaor J. A. 



Henderaoa, Rear- Admiral W. H. 



Holmes, George 
Hopkins, Admiral Sir John. 
G.C.B. 



Slelrose, J.. R.N. 



Smoke as a drawback to use of oil fuel ... ... ... ; 

Attitude of naval aathoritiea towards inTentioos ... I 

Talne of committees of inquiry ... ... ... ... . 

Stntegical Talae of speed ... ... ... ... I 

Relative position of engineers and naval officers ... ... I 

Edacation of naval engineers ... 

Attitude of naval authorities towards scientific training ... ' 

Comparing two solutions of navipendulum problem 

lUiiRtrations of chatacteristic features of rolling at sea 

Methods of treating the theorem of three momentx 

Thanking Herr GQmbel for his paper on '* Torsional Vihnitions 

of Shafts" ... 
Failures of propeller shafts ... ... ... ... , 

Returning thanks to Mr.Stromeyer for hia paper on " Distortion I 

in Boilers due to Over-heating" 
Returning thanks, to Professor Dalby for his paper on " A Com- 
parison of Five Typenof Engines," &e. 
A Notf OH Simptoii't Rulr» ... ... ... ... ' 

Evaporating power of Thornycroft boiler 

Tor$'iMial Vlbralioat iif Shafli ... ... ... ... ■ 

Reply to the discussion on the above paper 

Factor of safety for destroyers 

Solution of crank shaft problems by the theorem of three 



Mu.ximum twisting moment of shaft is greatest forward 

Limitations of destroyerK 

Destroyers in a typhoon ... 

Spar torpedo inefficient agninKt submarines 

Position of naval engineera 

Returning thanks for presentation 

Mechanical spplianRea superseding band labour 

Attitude of naval authorities towards inventions 

Strategical value of speed... 

Use of range finders ... 

Modem armour-piercing projectiles 

Method of igniting smok el es.? powder ,„ 

Doom of old fasbioiied bliickade ... 

Breakdowns in boilers 

Relative positions of enjfineera and naval officers 

Transport of oil in bulk 

Uue of steam in conjunction with oil 

Use of oil fuel in H.M. Navy ... 

Disadvantages of water being mixed with oil 

Admiralty experimental results with oil fuel . 

Drawbacks to use of oil fuel in H.M. Navy 

Rate of consomption of oil 

Importance of position of air admission inlet 
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K.C.B. 
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Ronnthwaite, H. M. 
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Scott. John, C.B., F.R.8.E. 
Smith, W-B. 



Redaction in number of etokers 
Difference in stoking a man-of-wa 
Seaworthinen of destroyers 



and a merchant veasel... 



Proposing alteration of Rules 5, 9, and 10 

Combostion of oil fnel ia leas complete with certain boilerE 

Process of combustion of oil ... 

Opening Address ,„ 

Mercantile auxiliaries ... 

Letter to Lord Selbomo ... 

Interview with Lord Selbome ... 

Eiparimental tank 

Reply of Committee of National Physical Laboratory 

Shipbuilding retnms 

Tonnage atatiHtics 

WatM-tube boilers 

Turbine engines 

Liquid fuel 

Equipment of shipyards 

Sir William White's retirement 

Admiralty Canimittees of inquiry 

Navy estimates ... 

Creation of '''cauf class 

Presentation to Mr. George Holmes 

Presentation of Gold Medal and Premium 

Discovery of oil supply in Egypt ... 

Reply to vote of thanks 

Linerless shaftn in use for over thirty yean... 

Composition of " whit« metal " 

Action of oil on rubber ... 

Short stem tubes 

Alternative design for propeller shaft bearings 

Proposing vote of thanks to the Council 

Th-' yun/ieiiilular Method nf KriifeimeiiU «k npji'.itil I 

War^ipx of different elates 

Reply to the discussion on the above p.iper 

Capital outlay in shipyards not always remuncr.itive ... 

CoBt of labour an essential factor 

Proposing vote of thanks to the President ... 

Torsional vibration compared to longitudinal 

Yarrow- 8ch lick-Tweedy system 

Vibration as affecting naval gunnery 

Means of avoiding vibration 

Water-hammer action... 

Causes of corrosion in condenser tabes 

Composition of metal of condenser tubes 

Corrosion due to electrical leakage ... 
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Spyer, A. 
Stromejer, C. E. 



Thomycroft, 
F.R.6. 



Wingfield, C. Humph ruy 



DifGcnlties of coating tubes with tin uniformly ... 

Use of nickel for tubes ... 

DUlorlioH in Boilrrt due to Overheating ... 

Reply to th« disciueion on the nbove paper ... 

Good stoking necessary for water-tube boilers ... 

Action of grease in boilers... 

Oauseof bulged water-tubes ... 

Difficulties of ascertaining causes of collapse 

Water-hammer action... 

Theory of ehullition 

Oil fuel on the Caspian Sea 

Burners and boilers for oil fnel 

Danger of water getting mixed with oil 

Consumption of oil compared to ooftl 

Allowable rinks in destroyer designs 

7alue of destroyers for training ofiiceTB 

Liquid fuel for a lifeboat 

Use of steam in conjunction with oil 

Accuracy of as vipendular eKperiments ... 

Deformation of furnaces due to oil or grease 
' Explanation of deformation 
I Hammering action in boiler tabtts ... 
. I Extracts from reports on corrosion of condenser tubes 

Evil results of galvanic action 
I Case of failure of tubes due to electrical leakage... 

Condenser tubes mode by a new process 

Thickness of tin coating 
1 Nickel and copper alloy 
I Public interest in naval affairs ... 

Attitude of naval authorities towards inventions 
, Complexity of mechanical appliances in modem waiBbipe . . . 

Seaworthiness of destroyers 
I Stresses in thin plating of destroyers ... 
I Corrosion of condenser tubes dae to fatty acids 
I Dampness a cause of corrosion in tubes... 
I Tendency of certain tubes to crack... 

Electrical leakage as a cause of corroaioi) 

Elosticity in torpedo-boat destroyers 
: Strains in dock plating 

Danger of buckling from bad joints 

Insurance rates on destroyers ... 

Oil fuel for torpedo boats ... 

Use of steam in conjunction with oil 

Seconding vote of thanks to H. E. the Italian Minister < 
Marine 

Vote of thanks to Professor Dnnkarley ... 

A suggestion for a future paper by Professor Dunkerley 
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Younger. A. Scott, B.Sc. 
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■'TorsioDal Vibrationa of Shafts" 
Betting propeller «hnft high to nlloir for wear down 
Suggeation for hollow shaft with bolt through it 
Wat«r-haminer action in boilers 
Process of formation of ateam 
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Replj to the discussion on the above paper 
Linerlesa propeller shafts 
Action of oils on rubber ... 
Inspection of shafts ... 
' Setting shaft bearings high to allow for wear 
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